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OIL      PURL      FOR  LOCOMOTIVES. 


I.  ORIGIN. 

Opinions  regarding  the  inorganic  origin  of  petroleum  assume: 

(1)  the  action  of  carbonic  acid  upon  metals  in  the  presence  of 
hydrogen;  or 

(2)  the  action  of  hydrogen  sulphide,  carbonic  acid  carried  in 
substances  suspended  in  sea  water,  a.nd  iron  at  a  white  heat;  or 

(3)  the  action  of  water  on  iron  combined  with  carbon;  or 

(4)  the  action  of  sulphuric  acid  with  water  on  the  carbides  of 
lime  and  manganese. 

In  support  of  these  assumptions,  hydrocarbons  resembling  petroleum 
have  been  formed  in  the  laboratory.    Attention  is  also  called  to 
the  occurrence  of  petroleum  in  connection  with  volcanic  conditions. 

These  theories  would  lead  us  to  expect  petroleum  to  have  a 
much  higher  temperature  than  that  of  the  surrounding  soil,  and  that 
petroleum  flowing  from  an  old  well  would  be  hotter  than  the  first 
products.    Thi6  is  not  the  case.    Again,  the  deepest  fissures  in  the 
earth's  crust  do  not  contain  petroleum,  as  would  be  expected,  nor 
do  the  portions  of  the  earth's  crust  which  show  the  greatest  evi- 
dences of  volcanic  disturbances.    Instead,  it  occurs  very  often  in 
localities,  which  show  no  evidences  of  volcanic  eruptions  whatever • 
Again  petroleum  occurs  (Galicia)  in  an  almost  impenetrable  shale, 
while  porous  formations  below  show  no  evidence  of  it,  thus  indi- 
cating that  it  originated  at  no  great  depth.    If  it  had,  it  would 
have  condensed  at  various  points  of  its  ascent,  instead  of  being 
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associated  with  oil  formation  only. 

The  advocates  of  the  theory  of  inorganic  origin  have  mainly 
been  chemists. 

Regarding  the  theory  of  organic  origin  geologists  who  upheld 
the  idea  of  vegetable  origin  point  to  the  fact  that  in  the  principal 
oil  fields  of  North  America,  only  marine  formations  are  found  under 
the  oil  deposits,  thus  indicating  marine  plant  origin. 

Coal  and  oil  (Perm.)  are  not  found  together,  and  coal  is  un- 
questionably of  land  plant  origin. 

The  formation  of  petroleum  from  the  decomposition  of  peat  has 
been  assumed,  but  upon  insufficient  grounds. 

It  has  been  thought  that  the  formation  of  petroleum  was  due  to 
the  decomposition  of  wood  fibre  under  different  conditions  than 
those  forming  coal.    But  it  is  now  known  that  similar  conditions 
take  place  in  the  formation  of  coal. 

Another  opinion  is  to  the  effect  that  petroleum  is  the  distill- 
ate of  coal,  and  that  anthracite  coal  is  the  residue. 

Another  supposes  that  petroleum  is  the  turpentine  of  the  coal 
forming  plant,  distilled  by  subterranean  heat,  and  is  based  upon 
the  fact  that  the  destructive  distillation  of  coal  yields  a  substance 
resembling  turpentine. 

The  action  of  superheated  steam  may  be  made  to  change  wood, 
either  into  lignite  coal  or  liquid  bitumen,  according  to  the  temp- 
erature used. 

A  few  cases  have  been  known  where  petroleum  has  been  found  in 
sandstone,  inside  a  coal  formation,  but  the  petroleum  occurs  primar- 
ily  in  the  stone  or  shale,  and  not  in  the  coal  itself. 

The  objections  to  these  theories  are,  that  petroleum  never  oc- 
curs in  direct  connection  with  coal,  except  in  the  most  minute  quan- 
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titles:  in  many  cases  where  coal  and  oil  are  found  in  the  same  re- 
gion, the  respective  fields  are  located  several  miles  apart,  and  the 
coal  generally  lies  above  the  oil,  which  is  not  to  he  expected  if 
the  latter  is  a  distillate  of  the  former. 

In  Germany  oil  occurs  above  coal  measures,  "but  it  could  not 
have  been  distilled  from  the  latter  "because  there  are  no  condensa- 
tions in  the  intermediate  sand  stones:-  the  distillation  of  coal 
gives  certain  light  hydrocarbons  which  are  not  found  in  petroleum, 
but  it  is  possible  that  these  are  afterwards  changed  by  contact 
with  water* 

Animal  Origin:-      This  hypothesis  is  supported  by  the  following 
facts:    petroleum  occurs  in  limestone  where  there  are  animal,  but 
not  vegetable  remains:  it  occurs  in  shales,  limestones,  and  marls, 
which  also  contain  the  remains  of  fishes  and  1*13%  ks  and  unfossil- 
lized  animal  fat,  it  being  supposed  that  animal  remains  accumulated 
for  thousands  of  years  on  the  bottom  of  the  sea,  and  were  covered 
by  deposits  of  clay  and  mud,  the  shells  being  diseil^ed  by  the  car- 
bonic acid  in  the  water,  the  nature  of  the  product  depending  upon 
varying  degrees  of  heat  and  pressure;    rocks  which  contain  much  veg- 
etable matter  are  seldom  bituminous  unless  they  also  contain  animal 
remains;    artificial  hydrocarbons  similar  to  petroleum  may  be  formed 
by  the  decomposition  of  animal  remains,  as  well  as  by  treatment  of 
vegetable  matter  already  mentioned;    cannel  coal,  which  is  rich  in 
bitumen,  is  almost  always  accompanied  by  animal  remains.  An  objec- 
tion  to  this  last  is,  that  petroleum  is  not  found  as  often  as  animal 
remains,  but  this  objection  is  met  by  the  fact  that  certain  condi- 
tions necessary  to  its  preservation  cannot  always  have  been  present. 
The  nitrogen  to  be  expected,  if  we  accept  the  theory  of  animal 
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remains,  is  sometimes  present,  and  in  casew  where  it  is  not  found, 
it  may  have  been  dissolved  in  the  water,  or  may  have  escaped  into 
the  air,  either  free,  or  combined  with  carbon  and  hydrogen,  Experi- 
mdnts  by  Engler,  in  which  he  subjected  the  remains  of  marine  animals 
to  distillation  under  pressure,  gave  results  differing  from  petro- 
leum in  such  a  way  as  to  indicate  that  in  its  natural  formation  the 
animal  remains  must  first  have  had  their  nitrogen  liberated  by  put- 
refaction, the  fat  being  changed  later  on  into  petroleum  by  pressure 
or  by  pressure  and  heat. 

The  presence  of  extreme  temperatures  in  its  formation  is  ob- 
jected to  on  the  grounds  that  geological  indications  of  extreme 
heat  are  wanting  in  connection  with  petroleum  deposits.    In  the  case 
of  the  theory  of  vegetable  origin,  the  idea  of  high  temperatures 
is  objected  to  on  the  grounds  that  petroleum  occurs  in  nature  with- 
out the  coke  residue    always  obtained  in  artificial  vegetable  dis- 
t illation. 

The  occurrence  of  petroleum  deposits  without  fissures  leading 
to  them  and  without  being  surrounded  by  solid  non -bituminous  forma- 
tions    indicates  that  these  deposits  are  primary.    Secondary  depo- 
sits may  generally  be  traced  to  primary  deposits  having  the  above 
charac  teristics. 

II.  GEOGRAPHY  &  PROPERTIES. 

Following  are  some  of  the  localities  in  which  oil  is  found, 
with  mention  of  such  properties  as  are  well  known.  Sp.  Gravity  is 
given  at  about  60°P.    The  information  is  ^miscellaneous  to  tab- 
ulate. 

Argentine  Republic.  Mendoza. 

Sp.  G.       .9032        glightly  green  by  reflected,  and  dark  brown 


r>oo  rtiJ 


by  transmitted  light.  Odor,  slight  sulphuretted  hydrocarbon. 
Viscous  at  70°  ?.  Freezes  at  32°    p#  Flash  point  194°  F. 

Illuminating  oil  22%  (by  weight.)      Lubricant  52^. 

Aracan .    F.  Borongo. 

Sp.  G.  .835.       Dark  brown.    Odor,  slight  and  agreeable. 

Africa.    Egypt  -    Gemsah  and  Djabel  Said. 

Sp.  G.  .934.      Dark  brown.      Odor  of  H2S.      Thick,  but  the 
thichness  does  not  increase  much  with  fall  in  temperature.  Very 
little  illuminating  oil  is  obtained  by  distillation.      In  its  crude 
state  is  a  good  lubricant.      Very  little  paraffin. 

Australia.      New  Zealand  -  Coast  of  Auk land . 

Color  brown.      65^  illuminating  oil.      Sp.  G/  .844. 

Australia.       Mann thai  -  E.  Cape. 

Sp.  G.  .830.      Slightly  brown.    QOfi  poor,  or  65^  excellent 
illuminating  oil.      Little  paraffin. 

Barbados . 

Sp.  G.   .810  to  .957. 

Burmah •  Yenany oung . 

Sp.  G.   .829  Thick. 

Burmah.      Arracan  -  unimportant. 

Burmah.      Rangoon.    Sp.  G.  .882 

Burmah.      Kyouk    Phyow  Volcano, 

Sp.  G.  .818         Reddish  brown.      Odor, slight  and  agreeable. 
Burmah.  Mhbyiu. 
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Sp.  G.     ,866,     Color,  reddish  brown.      Odor  agreeable. 
Burmah.       W.  Baranga. 

Sp.    G.      .888.      Color,  brown.       Odor,  agreeable. 

Boliria.    Between  Oran  and  Pilcomayof 

The  supply  is  very  abundant,  but  there  seems  to  be  few  figures 
regarding  its  properties. 

Canada.      Western  Ontario. 

Sp.  G.  .865  Color,  dark  brown.  Odor,  acrid.  It  contains 
a  great  deal  of  sulphur,  which  makes  it  hard  to  refine. 

o  v 

Burning  point    139      P.  Paraffin  3^. 

■ 

France.        St.  Gabian. 

1 

Sp.  G.  .884.    Color,  black.  Gummy. 

Galicia.  Bast. 

Sp.  G.      .859,      Paraffin  11^. 

Galicia  oil  of  0.870  Sp.  G.  gives,  carbon      82.2  ,  hydrogen 
12.1,  and  oxygen  5.7. 

Giava.      Tjibados.  Fauggah. 
Sp.  G.  .770, 

Germany •       Han ove r . 

Sp.  G.  .843  -  0.892.  Carbon  80.4,  Hydrogen  12.7.  Oxygen  6.9 
Contains  sulphur. 

Germany.  Alsace.      Altkirch.    Lower  Alsace.  Pechelbroun. 

Sp.  G.      .902.         Color,  black.      Gummy.      Boils  at  275°  F. 
Paraffin  0.5^. 

Germany.    Hanover  -  Oberg.        Sp.  G,  .934. 
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India*  Assam. 

SP.  G.      .933.      Color,  dark  brown.      Odor,  slight  and  agree- 
able. Viscous. 

Italy.       Neriano    de  Rossi. 

Sp.  G.      .798.        Color,  amber.       Very  fluid. 

Italy.  Parma. 

SP.  G.    0.786.        Carbon  84.0.      Hydrogen    13.4.    Oxygen  1.8. 
Italy,  Sala. 

o 

Sp.  G.     .790  at  32  .    Pale  in  color.  Fluid. 

Italy.  Piedmont. 

Sp.  G.     .919  at  32°. 

Italy.  Milan. 

Sp.  G.     .787.      Color,  straw  yellow.      Odor,  agreeable. 

Java.  Rembang. 

Sp.  G.     .923  at  32°.    30  -  40^  paraffin.     Carbon  87.1. 
Hydrogen  12.0.      oxygen  0.9. 

Japan. 

Oil  occurs  naturally  but  is  unimportant,  and  what  is  needed  is 
imported. 

Persia. 

Sp.  G.     .777.      Color,  straw  yellow.      Strong  odor. 

Roumania.  Plojesti. 

Sp.  G.     .851*  -  .890,  black.    Gummy    2.23^  paraffin. 
Russia.  Baku. 
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Sp.  G.     .943,  average  .868,      Heavy.        2>fo  illuminating  oil. 
SOfo  lubricant.  5$paraffin. 

Carbon    86.6.      Hydrogen      12.3.       Oxygen  1.1 

o 

Petroleum  residue,  Sp.  G.  .906,  burns  at  336  F. ,  dark  green,, 
thick,  but  fluid  enough  at  60°  to  handle.    Little  or  no  sulphur 

South  America. 

Sp.  G.     .852.    Color,  reddish  brown.    Odor,  slight  and  agree- 
able. 

United  States. 

Pennsylvania:-     Burns  at  135o<>F.       Lubricant  70^. 
Paraffin      vf*  .      21^  volatilizes  below  150°  F. 
Heavy  crude  oil,  Sp.  G.     .886,  carbon  84.9,  hydrogen  13.7, 
oxygen  1.04. 

Light  crude  oil,  Sp.  G.  0.816,  carbon  82.0,    hydrogen  14.8, 
oxygen  3.2. 

Ohio;-  Sp.  G.     .887.    Black.      Gummy.    23^  volatilizes  below 
150°F. 

California:-  Bakersfield.    Sp.  G.  0.945* 

Texas:  -  Beaumont.    Sp.G.  .9145.    Odor  of  Fluid. 
Plash  ppint  110°F.       Burns  at  184°F.        40^  illuminating  oil, 
of  .875  Sp.G.,  but  of  poor  quality.      Is  fluid  at  low  tempera- 
tures, as    5°  F.  below  zero.       Asphaltum  base.  Sulphur  2.81/£. 

distills  below  150°  F.,  150°  to  300°F. ,  40^  distills. 
Refining  with  acid  causes  large  loss, because  of  the  sulphur 
present.      Average  B.T.W.  18500,  and  one  bbl.  ,=  438#  Alabama 
coal,  or  2000^  coal  =  4#56  bY)l6#  oil# 


Locomotive -type  boiler  tests  give  an  evaporation  of  *rom  12.0 
lbs.  to  12.7  lbs.  water    per  lb.  of  oil,  from  and  at  212°F. 
Front  end  vacuum,  4%njfy{ff.  water.      Corsicana  oil  gave  from 
13,15  lbs.  to    11.75  lbs.  water,  with  4* 1  draught.  An  increase 
of  draught  from  l-J-"  to  4&n  water  gave  a  decreased  evaporation 
of  from  4  to  8^. 

West  Virginia:-  Heavy  crude  oil.  Sp  9.  .873. 
Carbon    83.5.      Hydrogen    13.3.      Oxygen  3.2. 
Light  oil.     Sp.  G.  0.8412. 

Carbon    84.3.      Hydrogen    14.1.      Oxygen  1.6. 
New  York:-         2%  to  2.5^  paraffin. 

Wyoming:-  Sp.  G.     .910.    ©dor,  disagreeable.    Color,  black. 
Principally  lubricating,  but  some  light  oils  containing  con- 


0.995.      Some  of  the  lighter  oils  have  a  gravity  below  0.900. 
The  heavy  oils  have  a  high  flash  point,  and  a  low  cold  test, 
and  are  very  viscous. 


III.  BORING. 

Brief  Review  of  Methods  of  Boring:-    In  early  days  oil  was  col- 
lected by  skimming  the  surface  of  water  in  creeks  which  were  fed  by 
oil  springs,  or  by  collecting  it  in  pits, either  by  dipping  it  out 
or  by  saturating  a  cloth  and  wringing  it  out.    Later  these  pits 
were  deepened  to  wells.    In  Addition,  in  Japan  tunnels  have  been 
driven  into  the  hillsides.    Oil  springs  have  been  boxed  in  and  an 
under  surface  escape  for  the  water  arranged,  thus  collecting  the 
oil  on  the  surface. 


siderable  kerosene  are  found. 
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In  modern  well  drilling  there  are  three  methods,  the  rotary, 
percussive,  and  free  fall. 

In  the  rotary  method,  a  screw  auger  is  used  when  the  depth  is 
not  great  (say  500  feet)  and  the  earth  soft,    A  tubular  or  post  hole 
auger  is  used  in  the  same  case,  and  also  in  soft  rock  and  sand.  The 
diamond  drill  is  uded  for  hard  rock.    It  consists  of  a  pipe  or  hol- 
low rod  with  steel  end.    For  hard  rock  this  end  is  provided  with 
black  diamonds.    Water  is  supplied  through  the  rod,  and  the  end  is 
so  shaped  as  to  facilitate  its  passage  to  the  cutting  teeth. 
Though  expensive,  it  will  do  the  work  in  almost  one  sixth  the  time 
otherwise  required.    The  emery  core  tube  drill,  the  principle  of 
which  is  a    corundum  or  emery  ring  on  a  metallic  core,  is  well  adap- 
ted for  any  but  the  harder  rocks. 

The  common  percussive  drill  is  similar  to  a  chisel,  rod  con- 
nections with  screw  ends  being  used.    In  use  it  is  made  to  revolve 
from  blow  to  blow.    The  drill  is  sometimes  made  so  as  to  have  long- 
itudinal motion  with  the  member  which  connects  it  to  the  lifting 
rods,  the  sudden  jar  to  which  it  is  thus  subjected  in  lifting,  tend- 
ing to  free  it  if  wedged  in  the  trock*    Debris  is  removed  by  water 
injected  through  a  central  pipe  in  the  case  of  a  shallow  well,  or 
by  a  special  tool. 

IV,  REPINING. 

A  Brief  Outline:-  A  refinery  consists  primarily  of  large  stor- 
age and  settling  tanks  for  the  crude  oil:  of  stills  for  the  purpose, 
as  implied  by  the  name,  of  boiling  and  evaporating:  and  of  condens- 
ing worms  connected  thereto,  each  with  its  accompanying  appliances. 

The  capacity  of  the  tanks  depends  of  course  upon  the  desired 
output, the  regularity  of  the  supply  of  crude  oil,  and  the  freedom 
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with  which  it  gives  up  its  foreign  matter,  such  as  water  and  sand. 
This  foreign  matter  should  be  carefully  gotten  rid  of,  as  the  water 
makes  trouble,  in  addition  to  the  fuel  required  for  its  evaporation, 
and  the  effect  of  the  mud  in  the  stills  is  about  similar  to  the 
effect  of  scale  forming  material  in  a  boiler,  -  supposing  the  latter 
could  not  be  blown  off  while  hot. 

Crude  oil  is  often  distributed  by  means  of  pipe  lines,  where 
the  amount  handled  justifies  this  method.    Otherwise  it  is  trans- 
ported in  tank  cars,  and  the  receiving  tanks  are  filled  directly 
from  these  by  coupling  each  tank  of  a  train  to  pipe  lines  which 
lead  to  the  receiving  tanks,  or  which  lead  to  a  main  which  in  turn 
leads  to  the  tanks. 

The  stills  are  cylindrical  vessels  with  vert ical( "cheese  box") 
or  with  horizontal  axis,  ("cylinder"  stills).    The  former  is  about 
30  feet  in  diameter,  by  about  10  feet  in  height,  mounted  upon  a 
brick  setting,  9  or  10  feet  high,  composed  of  15  or  20  walls  rad- 
iating from  the  cemtral  down  draught  flue  like  the  spokes  of  a 
wheel.  These  walls  form  as  many  furnaces.    The  bottom  of  the  still 
is  made  to  sag  between  the  walls. 

Cylinder  stills,  generally  about  12  or  15  feet  in  diameter, 
and  of  about  600  bbls.  capacity,  resemble  a  horizontal,  externally 
finad  shell  boiler  with  a  very  simple  setting,  which  gives  a  heating 
surface  equal  to  about  one  half  the  cylindrical  surface.  5/l6"or 
3/8"  boiler  plate  is  used,  and  in  addition  to  the  usual  considera- 
tions affecting  boiler  design  and  suspension  it  should  be  remembered 
that  the  heating  surface  will  become  red  hot,  and  that  a  leak  next 
to  the  fire  may  be  dangerous.    Manholes,  designed  with  a  view  to 
very  frequent  use,  inlet  and  outlet  pipes,  gauges  and  relief  valves 
are  provided,  the  latter  set  at  one  or  two  pounds. 
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Domed  heads  are  of  course  used,  and  the  vapor  passes  off  through 
one  or  more  pipes  connected  to  the  dome  on  top  of  the    still  to  the 
condensers.    The  dome  must  be  of  just  the  right  size  to  handle  the 
vapors  without  causing  them    to  carry  off  heavy  and  quickly  condens- 
ing oils*    The  exact  shape  and  size  depends  largely  upon  the  prop- 
erties of  the  oil,  and  the  product  desired.      The  furnace  resembles 
a  simple  boiler  furnace,  with  a  few  grate  bars.    Other  and  less  com- 
mon forms  of  stills  have  fire  tubes,  the  arrangement  permitting  of 
passing  the  hot  gases  directly  to  the  chimney  when  the  level  of  the 
oil  is  below  the  tubes.    It  is  economical  of  fuel,  but  dangerous 
because  of  the  increased  liability  of  leaks.    Other  stills  depart 
from  the  cylindrical,  and  introduce  features  that  add  nothing  to 
the  freedom  with  which    coke  and  cake  may  be  removed.    The  furnace 
is  fired  with  coal,  with  crude  oil,  assisted  by  such  vapor    as  is 
not  condensed  during  its  passage  through  the  condenser.    The  still 
is  filled  whiifce  cold  to  about  3/4  its  capacity  with  crude  oil,  and 
the  fire  started.    The  heat  is  increased  as  the  process  advances, 
until  at  the  end  of  two  or  three  days  the  boiler  plates  are  red  hot. 

The  condenser  consists  of  a  coil  of  pipe, gradually  reducing  in 
size  from  the  8"  or  10"  vapor  pipe,  leading  from  the  still,  to 
about  3"  at  the  receiving  house.    It  may  consist  of  a  coil  within 
a  coil,  in  which  case  it  serves  two  stills.    Tt  may  be  water  or 
air  cooled,  or  cooled  with  crude  oil  or  residuum,  the  latter  in 
case  of  a  poor  supply  of  water  and  in  case  it  is  desired  to  pre- 
heat the  crude  oil  preparatory  to  its  introduction  into  the  still. 
When  water  is  used  it  is  best  to  have  it  flow  in  a  direction  con- 
trary to  that  of  the  condensing  vapors,  to  insure  thorough  conden- 
sation and  reduce  pipe  friction  of  the  flowing  oil. 
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The  oil  goes  from  the  condenser  to  a  "running  "box"  whioh  has  a 
glass  panel  through  which  its  color  may  he  seen.    Uncondensed  vapor 
is  passed  from  the  top  of  this  box,  or  from  a  trap  in  the  pipe  line 
composed  of  an  inverted  siphon,  to  the  air,  to  a  gas  holder,  or  to 
the  furnace  under  the  still,  to  be  turned.    Another  pipe  leads  the 
liquid  to  the  "monitor",  which  is  a  large  several  way  cock  for  dis- 
tributing the  oil  to  any  one  of  several  pipes,  according  to  its 
grade  as  indicated  by  a  hydrometer.    These  pipes  lead  to  collecting 
tanks,  generally  placed  at  a  lower  level,  so  as  to  obtain  a  gravity 
flow.    They  are  of  course  provided  with  man  holes,  drain  cocks  for 
water,  steam  coils  in  a  cold  climate,  and  may  have  an  indicator  to 
show  the  amount  of  oil  present. 

Further  treatment  is  now  necessary,  because  this  first  process 
does  not  entirely  free  the  oil  from  paraffin  or  from  light  volatile 
oils  or  from  foul  odors. 

For  the  second  distillation  large  steam  jacketed  stills  are 
used.    Thtsc further  remove    the  volatile  oils,  the  process  of  con- 
densation and  distribution  being  similar  to  the  first  process.  The 
remaining  parrafin  is  removed  in  a  tank  called  an  "agitator".  This 
tank  has  a  funnel  shaped  bottom,  and  has  a  supply  pipe  for  oil,  an- 
other for  sulphuric  acid,  and  a  third  for  water.    The  acid  is  added 
by  degrees,  and  the  mixture  agitated  mechanically,  or  by  being 
blown  by  compressed  air.    The  former  is  preferable,  because  of  less 
emulsif ication.    The  acid  brings  down  the  paraffin  and  other  im- 
purities, and  is  drawn  off  the  bottom.    Water  is  added  and  the  mix- 
ture agitated  to  wash  out  the  remaining  acid,  and  the  product  run 
into  various  receiving  tanks. 

The  residue  from  the  first  crude  stills  is  further  refined  for 
paraffin  oils  by  heating  to  an  extreme  temperature  in  smaller  stills 
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heated  with  superheated  steam.    As  the  heavier  oils  condense  very 
quickly  after  leaving  the  still,  pockets  are  placed  at  intervals  in 
the  vapor  line,  from  the  "bottoms  of  which  pipes  lead  the  condensed 
product  to  the  receiving  house,  the  nature  of  each  oil  depending 
upon  the  distance  and  relative  position  of  the  trap  into  whiah  it 
flowed  when  condensing.    Fo  monitor  is  used.    The  residue  in  these 
stills  is  a  high  grade  coke  used  for  electric  light  and  "battery  car- 
bone. 

The  distillate  is  next  cooled  to  the  "chill  point"  -  at  which 
the  wax  crystallizes  -  by  ammonia  refrigeration,  which  gives  it  a 
butter  like  consistency,.  It  is  then  put  in  canvas  bags  and  subjec- 
ted to  a  pressure  of  about  2000  lbs.  per  sq.  inch.    This  presses  out 
a  light  lubricating  oil,  which  is  bleached  under  the  joint  action 
of  steam  heat  and  the  suns  rays,  in  the  glass  roofed  bleaching 
houses* 

In  the  acid  treatment  mentioned  sulphuric  acid  at  66°  Be1  is 
used,  say  2%  for  petroleum,  and  more  for  lubricating  oils.    The  mix- 
ture is  kept  as  cool  as  is  convenient,  as  oxidation  increases  with 
heat*    The  agitation  is  kept  up  until  a  sample  mixed  with  caustic 
soda  appears  milky  for  petroleum,  or  violet  red  for  illuminating 
oil.    For  the  former  the  loss  is  from  1  to  3  per*  cent,  and  for  the 
latter  about  12  per.  cent.    After  settling  and  drawing  off  it  is 
washed  and  agitated  with  caustic  soda  solution  at  about  32°  Be*  for 
about  five  or  ten  minutes.    The  temperature  for  lubricating  oil  is 
about  100  to  140°  P. ,  and  normal  for  petroleum.    It  is  then  washed 
until  neutral,  and  the  remaining  water  allowed  to  settle  for  a  day 
or  two,  or  the  water  may  be  removed  by  brief  settling  and  filtering 
through  wood  shavings  and  salt.    Lubricating  oil  is  heated  while 
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settling,  the  water  drained  off,  the  oil  "boiled,  after  which  it 
may  "be  filtered  through  animal  charcoal* 

The  processes  of  refining  vary  greatly  from  this  outline,  de- 
pending upon  the  nature  of  the  crude  oil  and  the  product  desired, 
or  required  by  law.    For  example,  Canadian  petroleum  ,which  contains 
much  sulphur  and  was  for  a  time  hard  to  refine,  is  treated  somewhat 
as  follows:-  The  acid  treatment  is  repeated,  the  oil  is  washed  with- 
out agitation,  soda  at  15°  Be*  is  used,  also  a  deodorizing  solution 
of  litharge  in  soda  and  sulphur  added.    After  settling  and  draining 
it  is  bleached  by  the  action  of  light  and  steam  to  raise  its  flash- 
ing point  to  95°  F. 

In  American  practice  crude  oil  distills  into  about, 

75^     Burning  oils. 

\0fo  Naphtha. 

\0fo     Lubricating  oils. 

5$       Coke  and  tar. 
The  above  burning  oils  are  separated  before  acid  treatment 
into:- 

Standard  white——  150°                 distillate-—-  29^. 
"  "  120°  "   15#. 


Headlight—-  175°  ■   2%  . 

Mineral  Seal-  300°  "   \f0  . 

Water  White    —  150°  1  12^. 

Standard  White  110°  "  10 fo. 

Water  White  120°  ■   zf0. 

Water  White  —  no0  ■  
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V .       TRANSPORTAT I  ON  , 

Transportation  in  "barrels  is  not  very  common,  except  in  the 
case  of  refined  oils,  because  the  hot  glue  which  is  forced  into  the 
pores  of  the  wood  from  the  inside  by  air  pressure  is  likely  to  be 
dissolved  by  the  water  in  the  crude  oils,  and  leakage  result.  In 
addition  to  this,  tank  cars  are  more  economical  as  regards  labor  in 
handling  the  oil, repairs,  and  depreciation,    A  tank  car  will  carry 
as  much  oil  as  125  or  200  barrels,  and  will  carry  it  with  less  dan- 
ger of  loss  due  to  leakage,  or  to  damages  caused  in  switching,  or 
rough  handling  in  unloading. 

While  the  early  high  prices  for  crude  oil  prevailed  (  $4.00  to 
$6.00  per.  bbl.  in  1862)  the  transportation  charges  were  a  less  pro- 
portion of  the  total  cost  of  the  oil,  than  later.    In  1865  the  cost 
of  barreling,  handling,  and  freight  from  the  Pennsylvania  fields  to 
Hew  York  was  about  |i .50,  including  the  return  of  the  empty  barrels. 
This  does  not  include  the  cost  of  the  barrels,  about  $3.25  each. 
This  transportation  charge,  when  considered  in  connection  with  the 
price  of  $.50  to  $.60  per.  barrel,  crude,  at  the  well  in  1884,  would 
have  been  enormous. 

"Where  the  regularity  of  the  supply  and  demand  justifies  it, 
pipe  lines  are  used.    This  is  principally  in  the  eastern  and  east 
central  portions  of  the  United  States,  and  in  the  Caspian  fields. 
In  the  case  of  shipments  by  sea,  tank  vessels,  and  by  river,  tank 
or  compartment  barges  have  supereeded  shipments  in  barrels, (  in 
regular  trade)  as  thoroughly  as  tank  cars  have  on  land.    Not  only 
is  handling  facilitated,  and  cost  depreciation  and  leakage  of  ba*  - 
rels  saved,  but  the  capacity  of  the  ship  is  greatly  increased.  When 
loaded  with  barrels,  a  vessel  will  only  carry  one  ton  to  about  80 
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cubic  feet  space.  Ordinary  vessels  require  about  50  cubic  feet  per. 
ton  to  load  them  to  their  full  rating. 

A  tank  steamer  is  usually  divided  into  several  -  perhaps  eight- 
thwart-ship  bulkheads,  each  well  braced  so  as  to  hold  its  shape  per- 
fectly when  it  is  full  and  the  adjoining  bulkheads  are  empty,  or 
when  partially  full  and  the  weather  bad.    These  are  subdivided  by 
longitudinal  partitions.    The  longitudinal  partitions  are  important, 
because  in  case  a  tank  is  not  full  to  the  top,  the  effective  meta- 
centric height  is  only  changed  one  fourth  as  much  as  it  would  be 
were  this  partition  left  out.    Provision  is  made  for  keeping  any 
leaking  tanks  full,  by  supplying  oil  from  a  tank  so  located  and 
shaped  that  the  level  of  its  oil  will  not  affect  the  stability  of 
the  vessel  to  any  great  extent.    Each  tank  narrows  at  the  top,  the 
narrow  portion  or  dome  running  to  the  upper  deck.    The  tanks  are 
filled  to  about  half  the  depth  of  these  domes,  so  that  each  tank  is 
practically  full,  and  the  effect  of  splashing  and  change  of  center 
of  gravity  on  the  stability  of  the  vessel  is  reduced  to  a  minimum. 
The  remaining  air  space  in  these  domes  permits  expansion  as  the  tem- 
perature changes.    The  arrangement  is  such  that  the  tanks  may  be 
used  for  dry  freight  on  the  return  trip,  or  when  the  ship  is  not 
engaged  in  the  oil  trade,  though  some  merchandise  cannot  be  handled 
on  account  of  the  smell  of  the  oil.    The  tanks,  when  empty,  and  be- 
fore entering  them  with  a  light,  or  loading  them  with  merchandise, 
should  lie  thoroughly  steamed  and  washed.    The  engine  and  boiler 
room  is,  as  usual,  placed  aft,  and  are  separated  from  the  nearest 
oil  tank  by  the  coal  bunkers.    These  are  separated  from  the  former 
by  a  water  space,  which  prevents  leakage  of  oil  into  the  latter,  as 
the  oil  would  rise  to  the  top  of  the  water.  Other  air  or  water 
spaces  are  sometimes  left  between  adjacent  tanks,  so  that  different 
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oils  may  "be  carried  without  danger  of  mixing  by  leakage.  Incandes- 
cent electric  lights  should  be  used,  as  a  precaution  against  fire. 
Large  pumps  are  connected  to  the  oil  tanks  so  that  any  or  all  may 
be  emptied  OTerboard  in  a  short  time. 

A  few  of  the  tanks  may  be  filled  with  water |  for  ballast,  when 
running  light. 

In  the  case  of  large  steamers  it  is  well  to  further  subdivide 
the  tanks  into  upper  and  lower  compartments  by  means  of  horizontal 
partitions  or  splash  plates,  which  not  only  make  excellent  braces 
but  add  to  the  stability  of  the  ship. 

The  ends  of  ventilating  pipes  are  covered  with  wire  gauze  to 
prevent  danger  from  fire. 

Pipe  Lines:-       Early  experiments  developed  the  importance  of  very 
secure  and  tight  joints  or  couplings  between  each  length  of  pipe. 
The  present  custom  is  to  use  nipples,  9  threads  to  the  inch  taper 
3/4"  per,  ft,,  so  as  to  secure  a  perfect  fit  all  along  the  thread. 
The  resistance  of  the  oil,  due  to  its  viscosity,  at  the  velocity 
which  is  found  to  oe  most  economical  is  enormous,  and  the  pipe  is 
therefore  generally  required  to  stand  a  test  pressure  of  1500  to 
2000  lbs.  per.  square  inch,  depending  on  the  intended  service.  Where 
a  pipe  passes  through  salt  water  or  salt  marshes  it  should  be  jack- 
eted with  hydraulic  cement  between  it  and  an  outer  wooden  case? 
Where  it  crosses  a  river,  under  water,  a  double  pipe  is  used,  the 
space  between  being  run  with  lead.  The  outer  pipe  is  cut  to  shorter 
lengths  than  the  inner,  to  facilitate  connecting  the  latter.  Its 
nipples,  however,  are  long  enough  to  make  up  the  difference.  It  is 
connected  every  two  or  three  hundred  feet  with  chains  running  paral- 
lel to  it,  and  these  chains  are  held  in  place  by  anchors  or  attach- 
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merits  to  piles  opposite  the  point  of  connection  with  the  pipe.  Ex- 
pansion joints  are  not  used,  the  expansion  being  taken  care  of  "by 
laying  the  pipe  in  long  curves . 

The  pumping  stations,  located  in  the  valleys,  are  ah out  thirty 
miles  apart  -  the  distance  depending  upon  the  lay  of  the  land  and 
the  service  required.    The  pumps  used  are  principally  Worthington 

compound  pumps  designed  for  this  service,  and  to  work  against  a 

■ 

hydraulic  head  of  2000  ft.    Each  station  has  two  or  more  storage 
tanks  of  about  30,000  to  50,000  bbls.  capacity.    While  one  is  fill- 
ing the  other  is  being  emptied.    This  enables  a  close  check  to  be 
kept  on  quantities  of  oil  transferred,  and  indicates  at  once  any 
leakage  in  the  line.    In  addition  to  this  check,  the  pipe  is  regul- 
arly patrolled  and  inspected.    Duplicate  pumps  should  be  provided, 
each  capable  of  performing  the  full  service  in  case  of  needed  re- 
pairs to  the  other,  or,  each  station  should  have  a  by  pass  in  the 
line  around  its  tanks  and  pumps,  and  each  should  have  sufficient 
reserve  power  to  drive  the  oil  through  two  relays  of  pipe.    In  this 
way  the  emergency  pump  need  be  only  about  one  half  the  power  of  the 
main  pump,  the  emergency  pump  in  the  disabled  station  being  used, 
with  both  pumps  in  the  preceding  station.  Or,  every  other  station 
may  have  a  duplicate  of  the  service  pump,  the  two  being  designed  to 
run  in  series  in  order  to  pass  the  oil  to  the  second  station.  So 
far  as  quick  repairs  are  concerned,  no  special  provision  need  be 
made,  since,  if  station  number  two  is  disabled,  the  overload  capacifc 
ty  of  the  pump  at  station  number  one( though  forcing  only  part  of  the 
usual  supply  to  station  number  three)  is  sufficient,  together  with 
the  storage  capacity  of  number  threes  tanks,  to  keep  the  latter 
busy  until  two  is  repaired, 
1   There  seems  to  be  few  or  no  rules  or  formulae  for  the  flow  of 
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oil  in  pipes.    The  problem  is  much  more  complicated  than  In  the  ca6e 
of  water  or  gas,  and  a  formula  would  have  to  consider  temperature 
and  composition  of  the  oil,  as  affecting  its  viscosity,  in  addition 
to  the  usual  conditions  of  velocity ,  bends,  joints,  etc. 

A  pipe  is  likely  to  "become  choked  "by  the  accumulation  of  paraf- 
fin, and  of  emulsion  (due  to  water)  on  its  sides.    It  is  cleaned 
by  sending  a  scraper,  to  which  a  rotary  motion  is  given  by  oblique 
vanes,  through  the  pipe. 

VI.    OIL  TESTING. 

Specific  Gravity:-  Information  regarding  specific  gravity  of 
an  oil  enables  one  to  form  some  idea  of  its  inf 3-ammability.    This  of 
course  applies  with  more  force  to  a  refined,  than  to  a  crude  oil,  aa 
the  latter  being  a  mixture  of  various  grades  of  the  former,  may,  in 
spite  of  its  density  contain  enough  volatile  oils  to  make  it  highly 
inflammable.    A  high  specific  gravity  in  a  crude  oil  tells  us  more 
regarding  the  relative  proportions  of  light  and  heavy*  oils,  than  it  . 
does  regarding  its  probable  flash  or  burning  points,    and  enables  us 
to  form  some  idea  as  to  its  probable  value  as  an  illuminant,  or  as  a 
lubricant • 

For  rough  determination  the  hydrometer,  generally  Baume1,  is 
used,  the  temperature  of  course  being  noted.    This  is  commonly  about 
590!1.  or  15°  C.    If  observed  in  warmer  weather,  so  that  this  low 
temperature  cannot  conveniently  be  obtained,  the  observed  reading 
may  be  reduced  to  the  approximate  specific  gravity  for  this  tempera- 
ture by  the  use  6f  the  coefficient  of  expansion,  .000355  per  degree 
F.,  or  .00064  per  degree  C.    The  exact  determination  of  the  specific 
gravity  may  be  made  by  means  of  the  pictometer,  or  with  gravity 
balances. 


m 


[»Tt3  ax 


>T  A  fl 


nl  6 


.XV 


torn  aw  a. 


lArfj    ,  ill;)  vv'6011  iiHJI 


A  M  to 


1  M 


O  (til 


■I 


toqoni  •vital «*x  ^nlbxe^ei 
q  mft  oi  (*&  +noa  nnol  of 


a 


*.*"f^nn        fin  ■  rVii  tM  T<3   j'iMOt  '  iftdO   ft1"1  I    LO    98jJ   *»ilJ    vq   9  i'  '■»' 


21 

The  relative  proportions  of  light  and  heavy  oils  is  found  by 
"fractional  distillation",  either  by  the  direct  application  of  the 
flarie  to  the  retort,  or  "by  injecting  superheated  steam  into  it.  The 
former  method  is  faulty,  if  it  is  desired  to  learn  the  true  compo- 
sition of  the  crude  oil,  or  to  judge  of  its  value  as  an  illuminat- 
ing oil,  "because  the  heavy  oils  may  he  partly  decomposed,  forming 
light  oils.    The  method  is  not  so  objectionable,  however,  if  the 
object  is  to  form  an  idea  as  to  the  amount  of  light  oil  that  may  be 
derived  from  the  crude,  for  this  principle  of  breaking  up  heavy  oils 
into  light  oils  and  residue,  is  used  in  the  manufacture  of  the  for- 
mer.   Superheated  steam  at  572°  P.  is  used,  and  the  distillate  drawn 
off  at  intervals  along  the  condensing  line,  after  the  manner  men- 
tioned in  the  section  on    "Refining",  and  its  density  and  volume 
noted. 

The  flash  point  may  be  determined,  in  the  case  of  light  oils, 
by  the  ordinary  method  of  passing  a  small  flame  over  an  open  cup 
containing  the  oil,  the  latter  being  gradually  heated  by  means  of 
a  water  bath,  and  the  temperature  noted  at  the  first  ignition  of  the 
rising  vapor.    The  flame  is  passed  about  one  half  inch  above  the 
surface  of  the  fluid  with  a  uniform  motion,  and  great  care  should 
be  taken  to  avoid  the  slightest  disturbance  of  the  air.    Unless  the 
dish  is  shallow  and  the  heating  done  very  gradually,  the  oil  should 
be  stirred,  so  that  it  will  be  kept  at  an  even  temperature,  as  other 
wise  vapor  forming  in  the  locally  hot  portions  will  be  condensed  be- 
fore reaching  the  surface.    If  a  heavy  oil  is  being  tested  a  sand 
bath  will  be  necessary.    TJiis  method  is  objectionable,  because  the 
first  vapors  to  rise  will  be  so  diluted  by  the  air  as  not  to  be  in- 
flammable.   Apparatus  with  cohered  or    hooded  oil  caps  are  much  to 
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be  preferred,  and  are  used  in  government  and  commercial  testing 
The  ignition  is  sometimes  accomplished  by  means  of  an  electric  spark 
In  other  machines  the  flame  is  waved  across  the  surface  of  the  oil, 
or  the  jet  or  outlet  for  the  vapor,  by  mechanism,  to  insure  regular- 
ity of  distance.     If  a  flame  is  used  it  should  be  about  one  fourth 
inch  in  diameter,  and  of  such  intensity  as  not  to  be  extinguished 
by  the  vapor  itself.    Mechanical  stirring  contrivances  are  provided. 
The  correct  depth  of  oil  is  of  great  importance,  and  the  apparatus 
may  have  either  a  depth  indicator  or  an  over  flow  to  insure  the 
depth  being  correct.    If  tha  oil  contains  much  water  it  may  be  shak- 
en with  chloride  of  calcium,  and  allowed  to  stand  for  several  hours 
previous  to  the  test.    The  advantage  of  a  correctly  hooded  and  well 
regulated  apparatus  over  the  open  cup  method  is  shown  by  many  experi 
ments  with  the  same  oils  tested  by  the  same  methods.  In  the  case  of 
oils  whose  flash  point  varied  between  140°  and  190°  C.  the  open  cup 
method  gave  results  ranging  from  10°  to  28°  higher  than  the  other 
method.    In  apparatus  tests,  it  has  been  found  that  slow  heating 
without  stirring,  about  2°  C.  per.  minute,  gives  results  closely 
coinciding    with  those  obtained  by  rapid  heating  (10°  per.  minute) 
with  stirring,  and  that  rapid  heating  without  stirring  gives  results 
from  two  to  three  percent  lower. 

Viscosity:-     Viscosity  or  degree  of  fluidity  is  tested  by 
noting,  in  the  case  of  illuminating  oils,  the  time  required  to  rise 
a  given  distance  in  a  wick  of  certain  dimensions,  or,  in  the  cage 
of  both  illuminating  and  heavier  oils,  by  the  time  required  to  pass 
through  an  orifice  of  given  proportions, at  various  temperatures. 
The  specific  gravity  of  an  oil  gives  but  a  very  imperfect  idea  of 
its  viscosity,  and  is  often  entirely  misleading.    Tests  have  been 


a«f  ol  ton  8 


>eHOO  ©xfT 


no  n*  ■ 


23 

made  "by  noting  the  rise  of  the  oil  in  capillary  tubes,  out  the 
method  is  not  entirely  satisfactory,  and  both  it  and  the  wick  method 
have  "been  generally  given  place  to  the  use  of  the  apparatus  in  which 
a  central  oil  reservoir  discharges    by  gravity  through  a  short  ori- 
flee,  the  oil  reservoir  and  sometimes  the  orifice  being  water  jack- 
eted.   The  water  is  heated  either  by  means  of  an  external  flame, or 
the  injection  of  stean.    The  oil  is  brought  to  the  desired  tempera- 
ture, and  the  time  required  for  its  discharge  noted.    During  the 
heating,  the  oil  is  ,  of  course,  stirred  in  order  tliat  the  tempera- 
ture may  be  the  Scwie  throughout. 

In  the  sketches,  the  platinum  orifice  of  Fischer* ■  viscosimeter 
is  surrounded  by  the  copper  termination  of  the  oil  reservoir,  the 
outlet  as  well  as  the  reservoir  being  heated.    This  is  to  prevent 
retardation  of  the  flow  by  the  chilling  of  the  oil  as  it  leaves  the 
outlet.    Lamansky's  viscosimeter  is  an  example  of  the  use  of  seeam 
for  heating  the  water  jacket.    The  proportions  of  the  orifice  are 
such  that  heavy  oils  will  flow  too  slowly  for  practical  purposes. 
The  time  required  for  the  flow  of  100  cubic  cm.  of  oil  is  noted 
and  compared  with  that  for  100  cubic  cm.  of  water.    Wilson's  vis- 
cosimeter is  similar,  but  a  long  graduated  glass  oil  tube  about  1H 
in  diameter  and  of  100  cu.c.m.  capacity  is  used.     It  tapers  to  a 
small    orifice  at  the  bottom.    The  water  bath  is  steam  heated. 
Another  apparatus,  Sngler's?  similar  to  that  of  Lamansky's,  has  a 
shallow  oil  reservoir,  with  a  dished  bottom.  A  feature  of  interest 
is  the  use  of  three  marks  to  regulate  the  quantity  of  oil,  but 
which  also  show  whether  or  not  the  apparatus  is  level.    240  cu.c.m. 
of  oil  is  used.    The  shallow  reservoir  is  used  to  prevent  too  great 
and  varying  a  pressure.    The  orifice  is  20  mm.  long  and  2.9  mm. 
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in  diameter.     It  is  heated  by  four  "burners.    The  specific  viscosity 
is  found  by  comparing  the  time  required  for  the  discharge  of  oil,  at 
a  temx)erature  of  20    C.  with  the  time  required  by  the  same  amount 
of  water  at  the  same  temperature,  the  former  being  divided  by  the 
latter.    This  tester  is  used  to  a  great  extent  in  railroad  and 
government  testing  in  Europe. 

For  the  comparison  of  the  viscosity  of  an  oil  with  that  of  a 
standard  oil,  an  apparatus  is  used  which  consists  of  two  oil  cham- 
bers in  a  common  heating  bath,  each  chamber  having  its  own  orifice 
and  thermometer.    Bape  oil  is  generally  used  as  a  standard.     The  two 
chambers  are  drained  at  the  same  time,  the  time  for  emptying  being 
noted.     The  two  valves  may  be  so  connected  as  to  be  opened  together. 
An  apparatus  which  dispenses  with  a  water  jacketed  discharge  tube, 
and  which  consequently    is  quite  long  in  proportion  to  its  diameter, 
heats  the  oil  by  means  of  a  hot  air  bath.    The  oil  and  air  are 
brought  to  the  same  temperature,  and  the  receiving  flask,  being  en- 
closed by  the  walls  of  the  air  chamber,  there  is  no  tendency  for  the 
flow  to  be  retarded  by  the  chilling  of  the  oil  as  it  leaves  the 
orifice . 

The  inclined  plane  method  furnishes,  in  addition  to  a  viscosity 
test,  a  test  of  the  tendency  of  the  oil  to  gum.    A  sheet  of  glass 
is  set  at  an  angle  above  a  water  or  vapor  bath,  a  scale  is  marked 
along  its  edge,  and  the  time  required  for  a  drop  of  oil  to  travel  a 
given  distance  is  noted.     The  temperature  may  be  varied  in  order  to 
obtain  an  idea  of  the  gumming  properties  of  the  oil.    Other  methods 
are  to  note  the  time  required  by  a  bubble  to  rise  through  a  tube 
partly  filled  with  oil.    This  te6t  is  made  by  filling  the  tube  to 
a  certain  mark  and  then  inverting  it.     Still  another  method  is  to 
note  the  time  required  by  a  metallic  ball  to  fall  through  a  given 


|0 


depth  of  the  fluid.    For  testing  the  viscosity  of  very  viscous 
fluids,  an  enclosed  oil  reservoir  is  used,  and  the  fluid  is  sub- 
jected to  air  pressure. 

The  viscosity  test  of  the  P«*aa.R.R.  is  given  in  Kent's  If.  E's 
Pocket  Boole;; 

In  all  apparatus  tests,  the  temperature  of  the  room  should  be 
kept  as  close  to  that  of  the  oil  to  be  tested  as  possible.  This 
will  reduce  the  effect  upon  the  result  of  the  change  in  temperature 
of  the  oil  as  it  leaves  the  orifice.    All  traces  of  water  should  be 
removed,  both  from  the  oil  and  from  the  measuring  flasks  used.  The 
vessels  should  be  thoroughly  cleansed  before  testing  an  oil  differ- 
ing in  kind  from  the  last  tested.    When  an  apparatus  with  a  shallow 
oil  chamber  is  used  the  oil,  if  quite  fluid  should  be  measured  in 
a  flask  or  graduate  of  considerable  depth,  to  insure  accuracy,  or 
by  weighing  if  its  specific  gravity  be  known.    Other  precautions, 
such  as  accurate  timing,  quick  opening  valves,  stirring,  etc.  will 
suggest  themselves. 

Prictional  Resistance:-    This  test  with  the  viscosity  test  fur- 
nishes a  guide  to  the  choice  or  acceptance  of  lubricating  oils.  A 
desirable  oil  is  one  of  as  great  fluidity  as  possible,  but  of  high 
Enough  viscosity    to  enable  it  to  form  a    continuous  film  of  oil 
entirely  across  the  pressure  surface  of  the  journal    and  at  any 
temperature  which  is  likely  to  be  reached  in  practice. 

The  test  is  made  by  noting  the  coefficient  of  friction  in  a 
machine  consisting  of  a  test  journal  and  the  necessary  accessories, 
and  the  time  for  the  total  consumption  of  a  certain  quantity  of  oil, 
or  the  increase  in  temperature  in  a  given  time.    Coefficient  of 
friction  and  temperature  are  noted  simultaneously.    This  test  has 
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bo  little  to  do  with  the  subject  of  oil  fuel  that  it  need  not  "be 
gone  into  detail.    The  same  may  "be  said  of  calorimetry  and  pleo- 
metric  tests,  and  as  regards  any  relation  between  light  and  heat 
giving  qualities  of  the  oil,  the  latter  is  "best  determined  by  boiler 
or  laboratory  tests. 

To  detect  sulphuric  acid,  test  water  previously  mixed  with  the 
oil    with  barium  chloride  for  white  precipitate.    Or  heat  the  oil 
in  a  shallow  copper  dish  to  130°  F.  for  several  hours.  A  green  ap- 
pearance at  the  edge  shows  acid.    The  cold  test  (determining  con- 
gealing poin^  by  subjecting  the  oil  to  a  freezing  mixture)  is,  like 
the  viscosity  test,  of  interest  in  connection  with  the  probable 
length  of  heating  coils,  and  diameters  of  pipes  required  in  storage 
plants  and  locomotive  tenders. 

VII.    PETROLEUM    AS  FUEL. 

Advantages  and  Disadvantages:-    There  is  no  danger  of  "Setting 
the  country  on  fire",  excepting  in  rare  cases  of  poor  fire  box 
design  which  allows  the  products  of  combustion  to  colce  in  a  conven- 
ient pocket,  become  incandescent,  break  off  in  bits,  and  blow  out 
of  the  stack  in  this  condition.    And  then  the  danger  is  slight,  even 
without  front  end  netting. 

The  steaming  capacity  of  the  boiler  is  increased  about  25^. 
This  applies,  perhaps,  better  to  the  Vanderbil'b     type  of  fire  box 
and  level  roads  than  to  the  old  coal  burning  fire  box,  as  forcing 
in  the  latter  is  sure  to  heavily  increase  the  repair  bill.    In  a 
hilly  country,  however,  where  the  rating  of  the  lodomotives  is 
greatly  reduced  by  the  worst  hill,  the  forcing  lasts  for  but  a  short 
time  and  is  not  as  serious  as  it  would  be  were  it  kept  up  for  the 
entire  run. 
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Will  pick  up  steam  ciuickly. 

No  delays  on  account  of  dumping  the  ash  pan,  on  roads  which  do 
mot  use  air  dumps, or  dumping  devices    which  may  he  operated  from 
the  cab,  because  of  the  tendency  of  the  enginemen  to  burn  up  the 
ties. 

On  the  other  hand,  oil  passages  may  become  choked.    This,  how- 
ever, is  mainly  a  matter  of  strainers  and  enforcement  of  the  "No 
waste  in  tank"  rule. 

No  engine  failures  on  account  of  burning  out  grates,  broken 
shaker  bars,  etc.    If  fire  brick  work  falls  in,  the  fire  box  sheets 
may  be  injured  if  the  train  is  heavy  and  the  speed  is  maintained, 
but  this  is  often  preferable  to  giving  up  a  train. 

Firemen  may  pay  closer  attention  to  signals  and  other  duties, 
while  running. 

Its  use  may  or  may  not  be  more  economical  than  the  use  of  coal. 
In  statioary  work,  fire  room  wages  are  reduced  about  75^,  compared 
with  hand  firing. 

Time  consumed    at  terminal  in  preparing  for  the  return  trip 
(doubling)  is  reduced.    No  cleaning  fire,  ash  pan,  etc. 

Water  and  oil  columns  may  be  so  placed  that  engine  can  "coal" 
and  "water"  at  the  same  time,  still  further  saving  time. 

In  new  equipment  designed  for  oil  burning,  the  stay  bolt  prob- 
lem is  solved.     In  the  case  of  old  equipment,  the  cost  of  conversion 
is  heav}'.    This  is  taken  up  under  the  subject  of  "Estimates". 

Objectionable  smoke  is  done  away  with,  especially  in  cities 
where  a  smoke  ordinance  is  upheld. 

The  carrying  capacity  of  the  tender  is  considerably  increased. 

In  marine  work,  bunker  space  is  saved,  and  the  number  of 
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stokers  is  reduced  to  about  40^  of  the  number  required  for  coal. 

A  ship  is  much  quicker  to  "coal".    As  a  distinct  advantage  this 
applies  to  the  navy,  "but  the  fuel  furnishes  no  protection  as  armor, 
and  is  not  to  be  obtained  at  coaling  stations.    The  oil  may  be  car- 
ried in  water  ballast  tanks.    In  practice  about  300  tons  is  supplied 
per.  hour. 

The  following  code  of  rules  suggest  some  of  the  disadvantages, 
and  a  road  contemplating  the  use  of  oil  may  as  well  figure,  together 
with  cost  of  operation,  on  a  few  accidents  at  first,  and  charge  the 
loss  due  to  the  same  to  "Discipline"  or  "Instruction  of  Engineers 
and  Firemen" 

"Do  not  approach  man  hole  of  tank  with  a  torch  or  lantern, 
closer  than  10  feet." 

"Do  not  take  torch  to  manhole  to  ascertain  depth  of  oil.  Use 
a  rod,  and  carry  it  to  the  light." 

"Do  not  enter  empty  tank  with  a  lamp  to  make  repairs  until 
tank  has  been  thoroughly  steamed  and  washed,  or  a  violent  explosion 
of  gas  will  result." 

"In  firing  up,  do  not  turn  on  the  oil,  or  even  steam  with  oil 
valve  closed,  before  putting  in  a  bunch  of  lighted  waste.    Gas  may 
accumulate  and  explode.    With  the  steam  or  air  jet  open  and  oil 
valve  closed  the  same  result  may  come  about  from  the  oil  left  in 
the  pipe  since  the  fire  was  last  extinguished,  provided  the  fireman 
shut  off  the  steam  jet  before  closing  the  oil  valve,  or  neglected 
to  leave  the  steam  valve  open  until  the  oil  pipes  were  drained,  or 
in  case  of  a  leaky  oil  valve. 

"Do  not  feed  oil  if  it  fails  to  ignite  or  goes  out.    Watch  the 
fire  closely,  until  the  bricks  are  hot. 

"Do  not  wipe  measuring  rod  with  waste,  as  threads  of  the  latter 
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may  get  into  the  tank,  accumulate ,  and  cause  trouble  with  the  oil 
feed." 

Other  disadvantages  are:- 

Burner  may  stop  up  with  sediment  or  burst  from  the  heat.  As 
to  the  former,  one  burner  is  so  made,  and  others  can  be  so  designed, 
as  to  permit  of  cleaning  without  interrupting  the  fire.  Bursting 
is  very  uncommon. 

Greater  liability  of  leaks  in  the  fire  box  and  around  the  flues 
When  a  leak  is  started,  an  engine  will  fail  quicker  with  oil  than 
with  coal.     In  fitting  up  an  engine  for  oil  fuel,  the  fire  box 
should  be  put  into  the  very  best  condition.    This  should  be  reckoned 
in  the  cost  of  conversion.    A  new  fire  box  is  necessary  when  there 
are  patches  that  will  not  be  protected  by  brick  work,  and  stays 
with  a  cap  nut  or  socket  in  the  fire  box  sheets  are  not  permissable. 
These  must  be  removed  and  changed,  which  will  necessitate  a  new 
sheet. 

Cost  of  boiler  repairs  is  considerably  increased,  the  increase 
depending  largely  upon  the  amount  the  boiler  is  forced.  Ordinarily 
oil  fuel  reduces  the  life  of  the  fire  box  about  25/o.    The  heat  may 
be  made  so  intense  as  to  burn  the  sheets  at  once. 

In  firing  up,  where  neither  steam  or  air  is  available,  it  will 
be  necessary  to  get  up  steam  (to  a  low  pressure)  with  wood.  In 
very  small  roundhouses  where  neither  is  to  be  had,  this  could  be 
overcome  by  storing  air  for  the  purpose  in  a  tank  or  a  lot  of  old 
main  reservoirs,  supplying  the  air  storage  tanks  with  air  when  the 
engine  is  hot.    In  firing  with  wood  care  must  be  exercised  or  the 
brick  work  will  be  injured  by  careless  handling  of  fuel.    Again,  in 
starting  out,  fires  are  likely  to  be  started  from  burning  bits  of 
fuel  thrown  out  of  the  stack. 
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VIII.    FUEL  OIL    vs.     COAL,  AHD  VARIOUS  TESTS  • 

In  general,  a  heat  value  of  about  18500  B.T.U.  per  lb.  of  oil 
may  be  used  in  comparing  petroleum  with  any  given  kind  of  coal. 
That  the  heat  value  of  petroleum  does  not  vary  as  much  as  that  of 
coal,  may  be  seen  by  a  glance  at  the  following  table. 

The  column  of  relative  heat  values  is  taken  from  "Bramit's  Pet- 


roleum".    For  our 

purpose 

the  heat 

values  may 

be  considered  as  re- 

lative  only. 

Locality. 

Carbon. 

B^droge 

n.    Oxygen . 

Sp.  G. 

Relative 
Heat  Value. 

W.  Virginia. 

83.5 

13.3 

3.2 

0.873 

10.180 

Pennsylvania . 

84.9 

13.7 

1.04 

0.886 

9.963 

Java. 

87.1 

12.0 

0.9 

.92 

10.831 

Baku. 

86.6 

12.3 

1.1 

0.87-.94 

11.640 

East  Galicia. 

82.2 

12.1 

5.7 

0.870 

10.085 

Again,  tests 

by  the 

Santa  Pe 

road  showed 

that  California  and 

Beaumont  oils  are  about  equal  in  value. 

The  figure  given,  18500,  is  about  the  average  value  of  Beaumont 
oil.    As  stated  elsewhere,  one  barrel  of  this  oil  is, equivalent  in 
heating  value  to  about  438  lbs.  of  coal  of  about  12900  B.T.TT,  or 
one  pound  of  oil  is  equal  to  about  1.436  lbs.  of  the  same  coal. This 
agrees  very  closely  with  the  results  of  the  Santa  Pe  Railroad's  ex- 
perience,  namely,  that  the  gain  in  mileage  per  pound  of  fuel  was 
44  per  cent  in  favor  of  the  oil. 

Prom  this  it  follows  that  for  equivalent  cost  per  ton    mile  run 
the  cost  of  oil  per  bbl.  of  42  gals.,  weighing  305  lbs.,  should 
equal  the  cost  of  coal  per  ton  of  2000  lbs.  multiplied  by  the  deci- 
mal .22,  or  by  the  decimal  .20  for  tons  of  2200  lbs. 

With  other  coal  or  oil  this  figure  may  be  changed  to  correspond 
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with  the  new  thermal  values . 

If  we  knew  the  efficiency  of  the  furnace  when  using  either 
fuel,  the  heat  values  of  each,  the  relative  cost  of  the  fire  room 
labor,  relative  costs  of  "boiler  repairs,  and  the  cost  of  one  of  the 
two  fuels,  we  may  equate  the  cost  of  the  two  fuels,  per  B.T.U.,  mul- 
tiply each  side  of  the  equation  by  coefficients  representing,  for 
example,  efficiencies,  and  solve  for  the  equivalent  coat  of  the 
other  fuel.    The  formula  may  he  represented  by  a  four  sided  diagram 
ruled  to  logarithmic  scale,  but  the  latter  is  not  reproduced  here 
because  one  or  two  hundred  actual  v>roblens  of  this  sort  might  be 
run  off  on  a  slide  rule  while  one  is  learning  to  use  the  diagram. 
Again,  our  knowledge  of  furnace  efficiencies  in  the  case  of  liquid 
fuel,  is  of  a  general  nature  only,  and  is  likely  to  remain  so  until 
&  large  number  of  tests  have  be on  iiade  under  a  very  great  many  dif- 
ferent conditiojis,    before  we  can  introduce  into  such  a  formula  or 
diagram,  any  terms,  which  are  based  upon  anything  much  better  than 
a  guess. 

The  relative  costs  of  the  two  fuels  may  be  investigated  by  the 
multiplication  first  suggested,  changing  the  figure  (.22)  to  corres- 
pond with  the  thermal  value  of  the  coal,  without  the  introduction 
of  any  uncertainties  or  complicated  formulas. 

The  relative  mileage  value  of  the  two  fuels,  as  given,  is  the 
result  of  long  experience,  and  such  matters  as  furnace  efficiency 
art,  of  course,  included  in  the  result. 

Regarding  depreciation,  etc.  conditions  and  service  vary  to 
such  a  great,  extent  Miat  no  hard  and  fast  rules  or  averages  can  be 
made.     In  general,  however,  experience  shows  that:- 

The  life  of  the  fire  box  and  tubes  is  shortened  about  25^,  but 


32 


this  figure  may  be  greatly  increased  by  careless  handling. 

The  hauling  capacity  of  the  engine    on  grades,  where  the  boiler 
is  the  weakest  member,  is  increased  about  25^. 

The  furnace  efficiency,  as  regards  economy,  is  probably  about 
the  same  for  coal  as  for  oil,  since  experience  shows  that  mileage 
per  given  weight  of  fuel  is  in  about  the  same  proportion  as  the 
calorific  values  of  the  fuels. 

In  stationary  practice,  the  cost  of  fire  room  labor  will  be 
reduced  25,  50,  or  -!ven  75^,  all  depending  upon  the  extent  and 
nature  of  the  plant,  the  uniformity  of  load,  etc.    Of  course  a  coi- 
parison  based  upon  hand  firing  shows  a  much  greater  saving  than  a 
comparison  with  automatic  stokers. 

Kent,  quoting  Thomas  Urquhart  of  Russia,  gives  the  following 
table  of  chemical  composition  and  heating  power  of  American  and 
Russian  petroleum. 


Fuel,      Sp.  <>. 

0.886 


Penna . ) 

heavy  ) 
Crude  ) 


Caucas -  ) 

ian, light)  0.484 

Crude  ) 

Caucas-  ) 

ian, heavy)  0.938 

Crude  ) 


Petrol) 
Refuse) 


0.928 


Chemical 
Composition. 
C-         0  . 
84.9-13.7-1.4 


86.3-13.6-0.1 


86.6-12.3-1.1 


87.1-11.7-1.2 


BTU, 
20736 

22027 

20138 
1963* 


Theoret.  E- 
vap.  from  and 
at  212°:F. 
"    21.48'  ' 


22.79 


20.85 


20.53 


The  average  heating  value  of  the  above  is  somewhat  higher  than 
the  average  heating  value  Beaumont  oil  already  mentioned. 

Including  the  difference  in  cost  of  handling,  the  Twin  City  Rap- 
id Transit  Company  of  St.  Paul  found  that,  in  stationary  practice 
Lema  oil  at  2i^  per  gallon  was  equivalent  to  coal  at  $3.85  per  ton 


of  2000  lbs.,  the  coal  giving  an  evaporation  of  7t  lbs.  water. (Kent) 
|j  Another  test,  (Engineers 1  Club,  Philadelphia)  gave  the  following 

results :- 

1  lb.  anthracite  coal,  evaporation  from  and  at  212°— -9.70  lbs. 

1  lb.  bituminous      "  ■  ■       •    •    •    —10.14  " 

1  lb.  oil,  36°  gravity  —   -16.48  " 

(Kent.) 

At  the  South  Chicago  Steel  Works,  the  fire  room  force  was  re- 
duced from  25  to  6  men,  and  3.22  bbls.  of  oil  was  found  to  be  equi- 
valent to  1  ton  of  coal,  and  used  under  tubular  boilers.  (Kent.) 

Tests  made  by  the  Southern  Pacific  Ry.  give  an  evaporation, 
from  and  at  212°,  10.96  lbs.  water  per  pound  oil,  and  7.41  lbs. 
water  per  pound  Comax  coal.    In  practice  this  road  assumes  3.16  lbs. 
oil  (15°  B.)  equals  4.62  lbs.  Comax  coal,  each  figure  giving  one 
boiler  horse  power.    They  pay  2  cts.  per  gallon  for  oil.    In  loco- 
motive service,  this  is  equivalent  to  coal  at  $3.38  per  ton. 

The  following  table  gives  the  principal  results  of  tests  of 
various  burners  and  oils,  made  by  the  A.  T.  &  S.  F.  By.    An  average 
of  nearly  four  per  cent  of  steam  is  used  by  the  burner,  and  the 
average  evaporation,  allowing  for  this  steam  used,  is  nearly  13  lbs. 
water,  from  and  at  212°.    That  no  very  sharp  relation    between  the 
latter  and  evaporation  can  be  derived  from  these  tests,  is  shown  by 
the  graphical  representation  of  column  3,  4,  and  6  of  the  table. 
In  order  to  find  a  curve  for  these  relations,  a  series  of  tests 
should  be  made  between  greater  extremes  of  vacuum,  temperature,  and 
evaporation. 
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O.H24- 


Booth 


Beaumont , 
Oil 


Union  Drop  , 
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Coro-icana 
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Bast 
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IX.      GENERAL  DESCRIPTION  OP  THE  USUAL  ARRANGEMENT  OF  TANKS  AND 
PIPING  POR  PUEL  OIL  AT  TERMINAL  POINTS. 

Oil  is  discharged  from  the  tank  cars  into  a  track  tank,  between 
the  rails  of  a  side  track  laid  for  this  purpose.    This  tank  resemb- 
les, in  general  appearance,  a  round  house  pit,-  may  be  constructed 
of  masonry,  or  of  other  material,  and  cement  lined.    Its  length 
depends  upon  the  number  of  cars  it  is  desired  to  empty  in  a  given 
time,  depending  on  the  proposed  capacity  of  the  station.    In  this 
connection  the  fluidity  of  the  oil  may  have  to  be  taken  into  account 
and  facilities  for  heating  same  until  fluid,  in  a  cold  climate. 

The  nature  of  the  ground  nay  make  it  advisable  to  elevate  this 
track  somewhat,  as  will  be  seen  presently. 

The  oil  is  discharged  from  this  tank  by  gravity,  through  an 
inclined  pipe  and  gate  valve  of  as  large  dimensions  as  possible 
(regulated  largely  by  cost)  into , •  generally  two  -  tanks, whose  tops 
are  below  the  level  of  the  bottom  of  the  track  tank. 

It  may  now  be  seen  that  it  is  advisable  to  slope  the  bottom  of 
£he  track  tank  towards  this  outlet,  and  this  total  slope  or  depth 
may  be  reduced  one  half  by  having  this  outlet  at  the  center  of  the 
length  of  the  track  tank;  this  saving  reduces  the  elevation  of  the 
side  track  that  much,  or,  if  the  track  is  not  elevated,  it  allows 
the  "submerged  tanks"  to  be  that  much  higher. 

In  practice  the  top  of  these  submerged  tanks  is  a  trifle  below 
the  surface  of  the  ground,  and  thus  a  gravity  discharge  into  them 
from  the  track  tank  necessitates  the  rails  of  the  side  track  being 
above  the  ground  an  amount  equal  to  the  fall  of  the  discharge  pipe^ 
plus  the  depth  of  the  tank,  plus  the  height  of  the  rails. 

The  oil  is  forced  from  these  submerged  tanks  into  a  large  stor^ 
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age  tank,  of  about  1,000,000  gals,  capacity,  by  compressed  air  ad- 
mitted through  the  top  of  each.  Therefore  two  submerged  tanks  are 
better  than  one,  because,  with  proper  pipe  connections,  one  can  be 
filling  while  the  other  is  being  discharged. 

One  pipe  from  the  track  tank  or  pit  leading  to  a  MTM  branch  to 
each  tank  is  preferable  to  an  arrangement  where  a  separate  pipe  from 
the  track  pit  to  each  pipe  is  used,  as  it  saves  one  valve  and  per- 
mits a  simpler  by  pass  arrangement  around  the  storage  tank  to  the 
oil  oolumn  for  emergency  supplying  of  tenders. 

The  bottom  of  the  storage  tank  is  placed  on  a  mound  -  naturql 
if  close  enough,  otherwise  artificial  -  so  that  the  bottom  of  the 
tank  is  about  16  ft.  above  the  main  track. 

Throughout  the  entire  system,  as  large  a  pipe  is  used  as  is 
consistent  with  expense,  fluidity  of  oil,  and  necessary  rapidity  of 
handling. 

The  oil  enters  the  storage  tank  at  the  bottom,  and  the  inlet 
pipe  should  extend  upward  to  such  a  height  that  the  incoming  oil 
will  not  stir  up  the  water  and  sediment  in  the  bottom  of  the  tank, 
to  any  extent.    The  oil  is  drawn  off  at  the  top  through  an  adjus- 
table spout  working  on  a  swing  joint  at  the  outlet,  and  of  such 
length  that  it  can  reach  to  the  highest  possible  level  of  the  oil. 
The  inner  end  is  carried  by  floats. 

The  elevation  of  this  tank  with  an  oil  column  say  12  ft.  above 
the  rail  gives  an  effective  head  of  several  feet  at  all  times  and 
when  full,  a  1,000,000  gal.  tank  75  ft.  in  diameter  gives  an  ef- 
fective head  of  about  35  ft. 

The  sediment  is  drained  off  to  a  sump  by  a  pipe  of  about  3  in. 
diameter. 
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The  by-pass  from  the  oil  pit  to  the  oil  column  starts  from  be- 
tween the  track  pit  gate  valve  and  the  individual  storage  tank 
valves ,  and  runs  to  the  pipe  leading  to  the  oil  column,  as  close  to 
the  latter  as  possible.  The  valve  is  placed  near  the  oil  column  so 
as  to  be  handy  for  the  enginmen.    It  is  only  for  use  in  case,  for 
some  reason,  oil  can  not  be    obtained  from  the  large  tank,  because 
this  oil  is  likely  to  be  dirty  and  might  make  tro  ible  in  the  loco- 
motive e  iu  ix>men t  . 


This  pipe  starts  from  the  point  mentioned  so  that  the  oil  under 
air  pressure  may  be  delivered  into  it  from  either  submerged  tank. 
If  connected  outside  of  the  track  pit  valve,  the  oil  would  be  forced 
bac$  into  this  pit. 

Another  arrangement  would  be  to  branch  this  by- pass  pipe  to 
each  tank,  if  the  importance  of  the  station  warrants  the  extra  cost* 
This  will  enable  the  by-pass  to  be  used  from  one  tank,  while  the 
other  is  being  filled  from  the  track  pit. 

If  the  cost  of  an  embankment  for  the  storage  tank  is  objection- 
able, the  oil  may  be  fed  to  the  engines  from  the  submerged  tanks, 
the  storage  tank,  in  this  case,  being  placed  on  the  ground.    At  a 
station  where  quick  and  simultaneous  unloading  of  cars  and  charging 
of  engines  is  desired,  this  will  throw  one  of  the  submerged  tanks 
out  of  service  for  supplying  the  main  storage  tank,  and  will,  throw 
the  pipe  line  leading  to  it,  as  well  as  the  line  from  the  track  pit 
to  the  submerged  tanks,  out  of  service  part  of  the  time,  though 
this  3.OB8  of  time  may  be  reduced  by  skillful  handling  of  the  plant, 
and  alternating  filling  and  discharging. 

In  practice  it  will  be  found  that  the  tenders  are  very  fr«»£uent- 
ly  supplied  from  the  submerged  tanks  direct,  instead  of  being  sup- 
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plied  with  oil,  which  has  had  an  opportunity  to  settle  in  the  main 
tank.    A  double  pipe  line  will  help  matters,  hut  its  cost  will  re- 
duce the  saving  due  to  sacrificing  the  embankment.    Again,  a  third 
submerged  tank  may  be  used  for  engine  supply,  but  its  cost  will  just 
about  offset  the  saving,  to  sa#  nothing  of  intermittent  use.  This 
last  item,  however,  is  not  of  great  importance ,  as  it  can  be  re- 
filled during  the  shifting  of  engines,  and  its  capacity  Is  suffi- 
cient to  supply  a  number  of  engines  without  refilling  ,so  that  these 
remarks  only  apply  to  a  station  where  a  very  large  number  of  engines 
are  htndled,  and  they  apply  with  little  force  even  then,  for  a  con- 
siderable number  of  engines  is  never  turned  out  of  the  round  house 
in  such  a  hurry  t$»t  some  of  them  can  not  wait  a  few  minutes.  Prom 
which  it  is  seen  that  the  real  considerations  are  cost  of  embankment 
vs.  the  inconvenience    caused  by  having  to  charge  direct  from  the 
submerged  tanks •    The  slight  cost  of  air  for  forcing  oil  to  the  oil 
column  does  not  enter  into  the  question,  as  otherwise  this  air 
would  be  used  to  charge  the  storage  tank. 

It  has  generally  been  found  preferable  to  make  the  embankment 
or,  if  the  oil  is  fluid  enough  and  the  climate  mild  the  entire  year, 
to  place  the  storage  tank  at  even  a  considerable  distance  from  the 
oil  column,  in  order  to  take  advantage  of  a  natural  rise  in  the 
ground.    In  this  case  an  additional  elevation  is  desirable,  in  order 
to  compensate  for  friction  of  the  oil  in  the  pipe,  when  supplying 
tfnders.    But  the  cost  of  extra  piping,  of  leveling  off  the  natural 
rise  in  the  ground,  and,  in  case  the  distance  and  consequent  addit- 
ional head  is  considerable,  the  slight  additional  cost  of  larger 
pipes  will  reduce  the  saving  thus  affectec  considerably. 

The  water    which  collects  in  the  bottom  of  the  storage  tank  is 
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drawn  off  at  intervals  into  two  sumps,  the  idea  being  to  use  the 
first  for  the  additional  separation  of  water  and  oil.    They  are  con- 
nected at  the  "bottom  "by  a  short  pipe.    The  water  in  the  second  sump, 
containing  a  little  oil,  is  used  for  sprinkling. 

Storage  Tanks:-      The  main  point  to  "be  considered  in  the  design 
of  riveted  joints  is  the  security  against  leakage.    This  is  not  "be- 
cause of  the  slight  loss  of  oil,  as  much  as  "because  of  the  generally 
"bad  appearance  of  a  leaky  seam,  and  the  increased  danger  from  fire* 

The  leaky  condition  of  many  of  the  present  single  riveted 
tanks  suggests  the  advisability  of  double  riv*ted  joints.  This 
applies  to  tank  cars  and  submerged  tanks,  as  well  as  to  large  stor- 
age tanks. 

Steam  heating  coils,  arranged  in  pyramidical  form  as  shown  in 
the  drawing,  are  used  to  keep  the  oil  fluid  enough  to  flew  freely. 
With  oil  of  about  the  fluidity  of  Beaumont  oil,  about  one  linear 
foot  of  two  inch  pipe  is  used  per  1000  gallons  capacity  of  tank. 
The  successive  coils  should  he  to  one  side  and  above  one  another, 
and  not  spaced  very  close.    The  form  mentioned  is  a  good  one,  and 
is  simple  and  easily  made.    The  higher  the  coil  runs  the  better, pro- 
vided the  top  is  below  the  lowest  probable  level  of  the  oil.  The 
rise  from  one  coil  to  another,  if  secured  by  sloping  each  pipe  in 
proportion  to  its  length,  will  provide  for  drainage  of  the  condensed 
steam,  and  it  is  well  to  have  the  direction  of  flow  of  the  steam 
downward,  for  the  same  reason. 

The  earth  mound  should  be  surrounded  by  a  retaining  wall  of 
about  one  half  its  height.    The  earth  forming  the  sides  of  the 
mound  above  the  wall  will  then  slope  upward  at  an  angle  of  about  45° 
The  diameter  of  the  mound  at  the  top  should  be  several  feet  greater 
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than  the  diameter  of  the  tank.    The  earth  slope  should  "be  well  grav- 
elled.   The  wall  may,  of  course,  "be  dispensed  with,  if  the  mound  is 
considerably  larger  than  the  tank,  or  if  it  is  natural  instead  of 
artificial.    If  an  artificial  mound,  a  season's  weathering  will  he 
a  good  thing,  if  possible,  but  this  is  not  at  all  necessary. 

The  preferred  forms  of  roofing  consist  of  a  timber  frame  work 
with  wooden  sheathing,  covered  with  tar  paper  and  gravel,  or  (South- 
ern Pacific  practice)  asphalt  roofing,  composed  of  paper  covered 
with  asphalt  and  gravel.    The  latter  costs  about  $3.00  per  100  sq. 
ft.,  and  weighs  1.2  lbs.  per  sq.  ft. 

In  the  oils  regions  of  the  Eastern  United  States,  they  general- 
ly have  conical  wooden  roofs  covered  with  No.  20  iron.    In  some 
cases  a  rioted  and  calked  iron  roof  of  No.  12  gauge,  is  used.  Ex- 
perience shows  that  the  conical  vrooden  roof  lasts  better  and  stays 
tight  much  longer  than  the  riveted  iron  roof.    The  ordinary  pitch 
should  not  be  less  than  one  in  eight. 

Protection  of  Tanks  from  Lightning:-    The  following  points  are 
brought  out  in  a  very  thorough  article  on  this  subject,  by  President 
Henry  Morton: - 

n  A  lightning  rod,  if  properly  attached,  is  beleived 
to  be  of  service.    During  last  summer  nearly  all  tanks  under  the 
control  of  the  United  Pipe  Line  were  rodded  in  the  following  manner: 

Two  bands  of  iron,  4  in.  by  l/8  in.,  were  run  across  the  roof 
at  right  angles  to  each  other,  and  were  riveted  to  the  angle  iron 
at  the  edge  of  the  shell. 

Where  these  iron  bands  crossed,  a  piece  of  iron  i  in.  thick  is 
inserted,  and  the  bands  are  riveted  to  it  and  to  each  other.  An 
inch  hole  is  also  tapped  at  this  place  and  an  inch  round  rod  21  ft. 
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high  is  screwed  into  it.    This  rod  is  supported  by  eight  guys  of 
No.  9  wire,  which  runs  from  the  rod  to  the  bands. 

The  bands  are  further  fastened  to  the  roofing  iron  hy  lag- 
screws  • 

All  the  joints  are  carefully  cleaned  when  put  together,  and 
the  electric  connection  of  these  parts  is  tested  from  time  to  time. 

Recent  tests  show  that  in  no  case  i8  the  total  resistance  of 
connections,  etc.,  from  the  end  of  the  rod  to  the  shell  of  the  tank, 
over  one  hundredth  of  an  ohm. M 

Fires  caused  by  lightning  are  the  result  of  a  spark  jumping 
from  one  metallic  article  or  point  to  another.     In  station  tanks, 
in  the  eastern  regions,  the  oil  is  carried  by  a  pipe  over  the  edge 
of  the  tank,  and  falls  into  the  latter  in  plain  view  of  an  observer 
at  the  station.    This  is  to  insure  the  quick  discovery  of  a  break 
in  the  line.    Although  secured  to  the  side  of  a  tank,  near  its  upper 
termination,  (a  return  bend  or  elbow)  it  is  thought  that  when  this 
pipe  is  struck  by  lightning,  the  electrical  tension,  though  mainly 
relieved  through  the  supporting  connection  to  the  roof  or  side  of 
the  tank,  may  still  cause  a  spark  from  the  end  of  the  elbow  to  the 
tank,  thus  firing  the  gas.     In  case  of  an  inner  swing  pipe  (outlet 
in  railroad  tanks,  and  inlet  in  others)  the  same  thing  may  result, 
notwithstanding  the  fact  that  the  swing  joint  is  flange  riveted  to 
the  tank  at  or  near  the  bottom.    The  principle  is  the  same  as  that 
of  a  wire  which  shows  the  effect  of  an  electrical  disturbance  along 
its  length  upon  the  instruments  at  each  end.    But  the  wire  is  in- 
sulated and  the  pipe  is  not.    On  the  other  hand,  the  mass  of  metal 
in  the  pipe  is  so  great  that  if  struck  at  any  point,  or  if  a  current 
is  induced  in  it  by  atmospheric  electricity,  it  may  carry  the  cur- 
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rent  for  miles  through  a  dry  soil  without  its  being  so  thoroughly 
dissipated  that  a  spark  may  not  "be  caused  at  either  end.    That  this 
is  possible  may  be  shown  by  the  fact  that  lightning  has  been  known 
to  follow  rails,-  roadbed  thoroughly  wet  -  ,for  several  hundred  feet 
before  doing  any  damage,    Electric  signals  have  been  operated  when 
both  tracks  were  submerged  in  water. 

A  charged  cloud  may  induce  a  heavy  charge  in  the  body  of  the 
tank.    Opposite  conditions  may  prevail  at  the  other  end  of  the  pipe 
line.    When  the  discharge  takes  place  between  the  tank  and  the  cloud 
a  spark  is  likely  to  pass  to  the  bent  pipe,  for,  while  the  greater 
part  of  the  charge  may  go  through  the  flange  connections,  a  percen- 
tage, proportional  to  the  relative  conducting  powers  of  the  two 
routes,  will  jump  the  air  space  to  the  end  of  the  pipe.    Prom  all 
of  which  it  follows  that  the  ends  of  all  pipes  which  terminate  in 
the  air,  should  be  connected  by  a  riveted,  and  if  possible,  soldered 
copper  or  iron  band  to  the  nearest  portion  of  the  tank,  that  the 
swing  joint  should  be  submerged,  or  otherwise  connected  to  the  tank 
by  a  wire  rope,  (not  chain,  as  a  chain  shows  a  spark  at  every  link 
when  subjected  to  a  heavy  charge),  and  that  all  apparatus,  such  as 
the  hoist  for  the  swing  pipe  should  be  well  connected  with  the  met- 
talic  body  of  the  tank.    A  gas  vent  is  likely  to  be  dangerous,  as 
the  escaping  gas,  all  at  one  point,  might  be  fired  by  an  external 
spark,  such  as  a  lightning  flash. 
X.    LOCOMOTIVE  EQUIPMENT. 

The  general  arrangement  of  engine  and  tender  depends  to  a 
great  extent  upon  whether  it  is  intended  to  use  liquid  fuel  as  long 
as  the  engine  may  be  in  service,  or  to  change  from  liquid  to  solid 
fuel  and  vice  versa,  as  the  relative  prices  of  the  two  change  . 
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The  Southern  Pacific  Ry.,  in  1897,  was  obliged  to  change  some  of 
its  engines  back  to  coal  burners,  because  of  an  advance  in  the  price 
of  oil. 

In  the  case  of  made  over  equipment,  it  is  about  as  easy  to 
arrange  it  for  quick  changes  from  one  to  the  other,  as  not.  Again 
the  fact  that  this  change  may  be  readily  made  may  have  an  important 
influence  upon  prices  of  the  two  fuels,  when  the  road  buys  its  fuel 
at  prevailing  prices,  or  upon  the  terms  of  a  long  contract. 

In  general,  coal  burning  tenders  are  changed  to  oil  burning  by 
the  addition  of  an  oil  tank  made  to  just  fill  the  coal  space,  and 
flush  with  the  top  of  the  water  space.    This  is  fastened  to  the  ten- 
der frame  by  means  similar  to  those  employed  for  holding  the  water 
tank  in  place.    In  estimating  the  required  capacity  of  the  oil  tank, 
from  the  relative  thermal  values  of  coal  and  oil  per  given  volume, 
it  is  to  be  remembered  that  it  is  customary  to  heap  up  the  coal  and 
to  cover  the  water  space,  the  man  hole  in  low  tanks  being  continued 
upward  by  an  extension  to  keep  it  clear  of  the  coal.  Therefore,  an 
additional  oil  tank  is  placed  over  the  forward  part  of  the  water 
space,  and  is  connected  with  the  lower  tank  by  a  pipe  of  suitable 
dimensions,  or  by  a  flanged  connection.       The  upper  tank,  however, 
should  not  be  made  of  such  form  and  dimensions  as  to  obstruct  the 
view  to  the  rear,  especially  in  the  case  of  switch  engines.  The 
man  hole  for  taking  oil  is,  of  course,  in  this  upper  tank.    In  order 
to  obtain  the  desired  capacity,  it  may  be  necessary  to  put  the  water 
tank  man  hole  at  the  extreme  back  of  the  tank,  and  extend  the  upper 
oil  tank  as  far  back  as  possible.    It  will  generally  be  found  desir- 
able to  give  the  oil  tank  as  great  a  capacity  as  possible,  because 
it  will  be  found  most  economical  to  distribute  oil  stations  as  far 
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apart  as  possible,  and  this  distance  will  depend  upon  maximum  ob- 
tainable capacity  of  tender  tanks,  as  well  as  upon  desirable  loca- 
tions, present  locations  of  round  houses,  etc.,  In  order  to  take 
water  and  oil  at  the  same  time, the  location  of  the  oil  tank  man  hole 
should  be  well  to  the  front,  so  that,  when  a  water  tank  instead  of 
a  water  column  is  used,  there  may  be  no  need  of  either  putting  the 
oil  column  on  the  opposite  side  of  the  water  tank,  which  the  clear- 
ance to  the  next  track  would  probably  not  allow,-  cr  of  running  the 
oil  pipe  through  the  water  tank  or  crowding  it  in  between  the  lat- 
ter and  the  track  near  the  point  where  the  water  tank,  if  round,  is 
the  largest. 

The  oil  manhole  should  contain  a  conical  wire  strainer,  point 
downward,  or  if  the  oil  is  thick, a  basket  shaped  screen  may  be  used 
to  obtain  greater  opening.    As  the  flow  of  a  heavy  oil  depends  upon 
size  of  individual  openings,  as  well  as  upon  total  area  of  openings, 
the  size  of  mesh  should  not,  generally,  be  smaller  than  six  or  eight 
to  the  inch,  and  No.  4,  for  the  heavy  asphalt ic  oil,  which  has  been 
obtained  to  some  extent  in  Mexico, 

The  screen  should  be  so  supported  that  it  may  be  instantly  re- 
moved for  cleaning.    The  cover  may  be  hinged,  or  entirely  free,  but 
should  be  provided  with  a  leather  gasket,  and  should  be  so  arranged 
that  it  may  be  quickly  fastened  down  tight.      If  air  pressure  on 
the  oil  is  not  to  be  used,  the  cover  need  only  be  tight  enough  to 
prevent  slopping  over  of  the  oil,  or  the  escape  of  gas  too  close  to 
the  cab  and  fire  door.    Extreme  tightness  is  only  necessary  when 
air  pressure  is  used.      It  may  either  screw  into  the  manhole,  by  % 
few  coarse  threads,  or  have  slots  around  the  circumference  to  re- 
ceive swinging  bolts,  pivoted  a  few  inches  below  to  the  sides  of 
the  manhole  or  to  the  tank,  the  upper  end  carrying  either  a  large 
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thumb  screw  cam  lever  for  tightening  the  cover.    The  bolt  or  lever 
scheme  is  preferable  because  lighter  and  more  easily  handled.  A 
screw  cover  is  made  of  cast  iron,  is  heavy,  and  the  threads  are 
liable  to  injury  in  careless  handling,    A  lever  tightened  cover  may 
be  made  of  plate  iron,  and  is  very  quickly  tightened. 

The  lower  tank  is  provided  with  a  steam  pipe  for  heating  the 
oil.    A  few  feet  is  sufficient  for  a  mild  climate  and  oil  of  fair 
fluidity.    It  shoula  of  course  be  placed  near  the  oil  outlet,  and 
should  be  provided  at  its  lowest  point  with  a  small  drip  cock.  It 
is  customary  to  open  this  cock  slightly  so  as  to  let  condensed  water 
together,  perhaps,  with  a  little  steam,  drain  freely.    A  careful 
regulation  will  prevent  the  escape  of  much  steam,  and  if  necessary 
the  steam  valve  may  be  partly  closed.    Were  the  amount  of  steam  used 
excessive,  the  drain  could  of  course  be  piped  into  the  water  tank, 
and  a  freer  use  of  steam  be  made, 

A  •J"  or       steam  hose  is  used  for  connection  between  engine 
and  tender. 

Direct  injection  of  steam  into  the  oil  is  objectionable,  be- 
cause of  the  resulting  water,  which  is  likely  to  make  trouble  at 
the  burners. 

The  outlet  valve  is  of  a  direct  lift  pattern,  with  an  operating 
rod  running  through  the  top  of  the  tank,  so  that  it  may  be  operated 
from  above.  The  valve  seat  should  be  an  inch  ot  two  above  the  bot- 
tom of  the  tank,  so  as  to  clear  the  water  and  sediment  which  settles 
to  the  bottom,    A  strainer  should  be  provided,  and  of  finer  mesh 
than  that  used  at  the  manhole,  as  the  oil  is  heated  before  passing 
through  it,  A  rope  may  be  so  connected  that  the  valve  can  be  oper- 
ated from  the  cab,    A  stop  cock  in  the  pipe  leading  to  the  engine 
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is  connected  to  the  cab  "by  a  light  chain  or  rope,  so  arranged  that, 
in  case  of  a  "break  in  two  between  the  engine  and  tender,  the  valve 
will  "be  closed,  thus  preventing  waste  of  the  oil.    This  rope  should 
not  he  strong  enough  to  cause  damage  to  the  piping  or  stop  cock 
before  it  "breaks. 

Another  arrangement  is  to  provide  a  spring  for  closing  the 
valve,  and  to  provide  the  top  of  the  lifting  rod  with  a  pin  or  rat- 
chet for  holding  it  open.    The  rope  is  connected  to  this  pin  or  the 
pawl  of  the  ratchet,  so  that,  in  case  of  a  "break  in  two,  the  rod  is 
released  and  the  spring  closes  the  valve. 

The  connection  to  the  engine  is  a  ltn  or  If-  hose,  which  has  to 
be  replaced  from  time  to  time.  One  or  both  hose  connections  should 
be  so  designed  that  they  will  pull  apart  before  the  hose  will  break, 

An  air  pressure  of  about  five  pounds  per  sq.  in.  is  sometimes, 
but  not  always  used,  to  help  force  the  oil  to  the  burners.  The 
Gulf,  Colorado,  and  Santa  Pe  uses  a  maximum  air  pressure  of  10  lbs. 
per  sq.  in.    With  a  fluid  oil  and  in  a    mild  climate,  this  will  not 
be  entirely  necessary,  and  should  avoided  if  possible,  because  it 
may  necessitate  extra  bracing  of  the  flat  sides  of  the  tanks.  When 
used,  the  air  is  taken  from  the  main  reservoir    through  a  Westing- 
house  reducing  valve,  and  the  tank  is  provided  with  an  air  gauge,  a 
safety  valve  set  at  the  desired  pressure,  and  an  air  vent.  The 
latter  is  opened  before  opening  the  manhole.    In  tanks  which  do 
not  carry  air  pressure  it  is  sometimes  customary  to  locate  a  pipe 
for  the  escape  of  gas,  at  a  point  not  too  close  to  the  cab.  When 
air  is  used,  the  vent  valve  may  be  placed  in  this  pipe,  and  the 
latter  placed  as  far  from  the  cab  and  cab  lights  as  possible,  as 
the  escaping  mixture  of  air  and  gas  may  be  highly  explosive.  The 


46 

engine  will  generally  be  standing  still,  or  moving  very  slowly,  per- 
haps "backing,    when  this  vent  is  used,  so  that  the  motion  of  the 
engine  can  not  be  depended  upon  to  dissipate  this  gas, 

A  draw  cock,  for  the  purpose  of  drawing  off  water  and  sediment, 
is  placed  at  the  lowest  point  of  the  oil  tank. 

In  the  case  of  a  new  tender,  the  oil  tank  may  'be  made  of  cylin- 
drical form,  and  placed  within  a  similar  water  tank.    In  changing 
old  equipment,  this  form  of  oil  and  water  tank  may  be  placed  on  the 
old  tender  frame,  but  the  resulting  high  center  of  gravity  will  be 
objectionable  in  many  cases*    Again,  the  oil  being  surrounded  by 
cold  water  will  require  a  great  deal  of  steam  to  keep  it  fluid.  But 
on  the  other  hand,  a  higher  air  pressure  may  be  carried.    In  this 
form  of  tank  all  joints  must  be  tight,  to  prevent  oil  getting  into 
the  boiler  water.    This  tank  can  not, of  course,  be  used  for  coal. 
The  best  that  can  be  done  is  to  discard  the  cylindrical  tank  and 
put  a  tank  of  the  ordinary  pattern  oh  the  old  tender  frame. 

No  attempt  should  be  made  to  burn  oil  in  a  fire  box  containing 
patches     which  can  not  be  covered  with  the  fire  brick  walls, or  in- 
wardly projecting  heads  or  nuts  of  flexible  stays,  etc.    In  case 
these  conditions  exist,  a  new  fire  box  is  the  first  requisite. 

To  change  a  coal  burner  to  an  oil  burning  locomotive,  the 
grates  and  grate  bearers  are  removed,  and  iron  plates  for  supporting 
the  brick  work  are  substituted.    These  plates  are  covered  with  fire 
brick,  except  at  the  air  openings.    The  brick  work  is  continued  up 
the  sides  of  the  fire  box,  t,he  height  differing  with  different  en- 
gines.   The  lower  part  of  the  flue  sheet  is  protected  by  a  heavy 
wall,  and  from  the  top  of  this  wall  an  arch  extends  backward  and  a 
trifle  upwards  for,  perhaps,  half  the  length  of  the  fire  box.  The 


length  of  this  arch  will  depend  upon  the  design  of  engine  and  ser- 
vice required.    The  space  below  the  arch  should  be  just  great  enough 
to  cause  a  thorough  mixing  of  vaporized  oil  and  air  entering  from 
below,  with  a  strong  draft  and  the  maximum  quantity  of  oil  ever  re- 
quired*   The  quality  of  combustion,  as  indicated  loy  the  appearance 
of  the  stack,  may  necessitate  lengthening  the  arch,  or  may  permit 
it  being  shortened.    It  is  not  to  be  understood  that  perfect  com- 
bustion depends  upon  the  dimensions  of  the  arch,  but  the  best  dimen- 
sions of  arch  for  a  given  engine  and  service  having  been  found, prop- 
er combustion  thereafter  will  depend  upon  correct  handling  of  the 
oil  and  steam  supply  to  the  burner.    The  ends  of  this  arch  may  be 
supported  by  the  top  of  the  side  walls.    The  flarie  is  directed  into 
the  combustion  chamber,  formed  by  the  throat  and  side  walls,  and 
this  arch. 

The  front  wall  is  not  always  placed  against  the  tube  sheet,  but 
is  sometimes  built  a  foot  or  two  farther  back  so  as  to  form  a  com- 
bustion chamber  between  the  wall  and  sheet. 

The  side  walls  should  not  reach  much  above  the  mud  ring,  unless 
to  protect  a  patch,  except  at  the  point  where  they  support  the  arch. 
This  is  to  prevent  loss  of  fire  box  heating  surface.    For  the  same 
reason,  the  arch  should  be  kept  as  low  as  possible,  but  its  height 
will  generally  be  regulated  by  the  lower  row  of  tubes.    In  the  case 
of  a  deep  fire  box,  or  in  case  of  a  wide  fire  box,  which  ,  after 
clearing  the  rear  drivers,  slopes  downward  to  the  front,  it  may  be 
found  advisable  to  support  the  arch  by  iron  work,  itself  supported 
by  studsr  in  the  fire  box  sheets.    By  turning  the  angle  iron  upward 
instead  of  downward,  the  brick  work  will  protect  its  vertical  leg 
and  the  studs.    This  saves  building  the  side  wall  at  this  point 
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above  the  mud  ring. 

The  iron  work  supporting  the  "bottom  of  the  arch  or  floor  should 
Ibe  hung  or  extended  downward  into  the  ash  pan,  especially  at  the 
front,  in  order  to  gain  depth  for  the  combustion  chamber  below  the 
arch,  without  sacrificing  heating  surface,  and,  in  the  case  of  a 
shallow  fire  box,  to  gain  this  space  without  building  the  arch  so 
high  that  it  will  interfere  with  the  lower  tubes*    The  floor  brick 
are  laid  flat,  or  may  be  laid  on  edge.    The  side  walls  are,  of  cour- 
se, laid  flat.    The  front  wall  is  9W  or  the  length  pf  a  brick  in 
thickness,  and  the  arch  brick,  their  long  dimensions  extending 
crosswise  of  the  furnace,  are  notched  or  dovetailed  at  their  ends, 
these  notches  holding  them  in  their  proper  positions  without  allow- 
ing any  slipping,  until  they  become  cemented  together  by  the  heat. 
These  arch  brick  are  held  a  little  above  their  proper  posit ions, and, 
being  lowered  together,  the  dovetailed  ends  guide  them  to  place  and 
hold  them  there.    Their  depth  is  from  5"  to  v",  with  a  spring  of 
arch  about  4wto  6"  for  a  fire  box  40"  wide. 

In  case  it  is  desired  to  burn  both  oil  and  coal  together, (pre- 
ferably a  slow  burning  coal)  the  grate  bars  are  left  in  place,  and 
covered  with  a  thin  layer  of  coal.    A  flat  oil  flame  is  directed 
just  above  this  layer.    A  light  draft  and  variable  exhaust  nozzle 
is  used,  especially  if  burning  a  great  deal  of  coal.    Ordinarily  the 
nozzle  has  about  50^  greater  area  than  for  coal  alone. 

when  necessary  to  arrange  an  engine  for  a  very  quick  change 
from  coal  to  oil  burner,  and  the  reverse,  it  may  be  done  by  covering 
the  grates  with  broken  fire  bricks,  the  layer  being  thinnest  at  the 
center  and  forward  end.    The  spaces  between  the  brick  form  the  nec« 
cssary  air  openings. 
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The  air  openings  in  the  floor  have  a  total  area  of  about  two 
square  feet,  and  air  admission  is  regulated  "by  the  end  dampers  of 
a  shallow  ash  pan  below.    These  dampers  are  operated  from  the  cab 
in  the  usual  manner.    The  air  openings  should  be  placed  well  for- 
ward, under  the  arch,  so  that  the  entering  air  will  have  to  combine 
with  the  atomized  oil  in  the  combustion  chamber.    If  an  opening  is 
placed  back  of  the  arch,  much  of  the  air  will  pass  directly  through 
the  tubes  and  imperfect  combustion  will  result,  and  the  cold  air 
passing  along  the  side  and  crown  sheets  will  reduce  the  effective- 
ness of  the  fire  box  heating  surface,  a  result  contrary  to    the  ob- 
ject of  the  combus:tion  chamber.    If  it  is  thought  desirable  to  ad- 
mit air  at  the  back  of  the  fire  box,  as  through  the  fire  door,  a 
deflecting  plate  or  arch  should  be  so  arranged  as  to  direct  the  cur- 
rent of  entering  air  downward  toward  the  jet,  so  as  to  prevent  its 
direct  passage  to  the  flues.    A  better  plan  than  this,  however,  is 
to  admit  this  air  around  the  burner.    It  will  then  be  carried  along 
by  the  steam,  and  thoroughly  mixed  with  the  atomized  oil. 

An  angle  iron  around  the  openings  holds  the  brick  work  in  plac«> 

In  the  case  of  a  boiler  with  corrugated  furnaces  in  one  design, 
each  flue  opens  at  its  front  end  into  a  common  combustion  chamber 
about  three  feet  long,  the  sides  and  bottom  of  which  are  concentric 
with  the  sides  of  the  boiler,  and  held  to  it  by  stay  bolts  so  as  to 
form  a  water  space  of  about  4". 

The  top  or  crown  sheet  is  pJAoed  at  the  proper  depth  below  the 
water  level,  and  is,  of  course,  connected  with  the  boiler  shell  by 
sling  stays.    Bach  furnace  contains  a  cylindrical  lining  of  fire 
brick  for  about  half  its  length.    At  the  front  end  of  this  lining 
an  obstruction  extends  to  about  the  center  line  of  the  cylinder.  A 
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short  lining,  one  brick  in  length,  is  placed  at  the  front  end  of 
the  furnace,  where  it  opens  into  the  combustion  chamber,  and  close 
to  the  flanged  connection  between  the  two.    The  space  between  is 
unprotected  and  the  plates  here  form  "fire  box  heating  surface", 
though  in  this  design  the  most  effective  heating  surface  is  that  of 
the  combustion  chamber.    The  burners  are,  of  course,  placed  central- 
ly.    Such  an  engine  has  been  just  delivered  to  the  road  ordering  it. 
The  design  was  wholly  an  experiment.    It  is  a  very  unsatisfactory 
steamer,  but  whether  it  can  be  altered  so  as  to  give  good  results 
remains  to  be  seen.    Probably  a  longer  flame  burner  than  that  now 
in  use  will  be  all  that  is  required.    Otherwise  the  furnaces  may 
have  to  be  shortened  and  the  combustion  chamber  lengthened  that 
much. 

The  arrangement  of  the  back  boiler  head  consists  of: 
A  steam  pipe  to  the  burner,  with  a  valve  capable  of  close  regulation 
placed  within  easy  reach  of  the  fireman^  seat. 
A  steam  pipe  with  valve  to  the  oil  heater  if  one  is  used. 
A  steam  pipe  to  the  heater  coil  in  the  oil  tank,  or  a  steam  pipe 
from  the  air  pump  exhaust,  or  both,  with  the  necessary  regulating 
and  reducing  valves, 

A  rod  for  operating  the  burner  oil  valve,  extending  to  within  easy 
reach  of  the  fireman^  seat. 

A  wing  nut,  shield  and  sand  funnel  on  the  fire  door,  the  sand  to  be 
used  in  cleaning  tubes,  by  closing  dampers  and  dropping  the  reverse 
lever.  A  door  clamp  for  holding  the  door  tightly  closed  in  case  of 
an  explosion. 

A  shielded  peep  hole  for  observing  the  tlame. 


The  steam  pipes  may  be  tapped  into  the  "boiler  head  above  the 
water  line,  or  steam  may  be  taken  from  the  turret,  if  the  latter  is 
provided  with  an  extra  opening  for  this  purpose,  or  it  may  be  taken 
by  a  "T"  connection  from  the  blower  pipe,  at  a  point  between  the 
turret  and  the  blower  valve.    It  may  be  necessary    to  increase  the 
size  of  the  blower  pipe  from  the  turret  to  this  wTn  connection. 
Branch  pipes  then  distribute  the  steam  to  the  burner  and  heaters.  A 
hose  connection  should  be  placed  in  the  burner  steam  pipe,  below  the 
steam  valve,  so  that  connection  may  be  made  with  the  round  house 
air  line  in  firing  up. 

The  burner  is  generally  placed  centrally     just  below  the  mud 
ring,  in  an  opening  left  for  it  in  the  fire  brick  and  supporting 
plates,  and  directed  toward  the  combustion  chamber.    Another  plan 
is  to  remove  one  or  more  stay  bolts  from  the  back  head  at  a  point 
a  short  distance  above  the  mud  ring,  cut  a  circular  hole  through 
both  sheets  and  put  in  a  short  piece  of  wrought  iron  pipe.  The 
pipe  is  threaded  and  screwed  into  plac«,  and  beaded.    It  is  of  such 
a  diameter  that  the  burner  to  be  used  may  be  placed  in  it  and  ex- 
tended beyond  the  inner  sheet  the  proper  distance.    This,  of  course, 
varies  with  different  burners,  and  if  no  experience  has  been  had 
with  the  proposed  burner,  the  piping  of  the  first  engine  equipped 
should  be  so  arranged  that  the  distance  may  be  easily  changed.  A 
small  amount  of  air  is  admitted  through  the  space  around  the  burner, 
but  not  more  than  can  be  carried  along  by  the  jet  of  steam  and  oil. 
The  hole  should  not  be  made  more  than  an  inch  larger  in  diameter, 
than  the  broadest  dimension  of  the  burner. 

The  flame  is  directed  to  the  combustion  chamber  as  before,  but 
in  this  case  the  axis  of  the  burner  will  be  horizontal  or  inclined 
slightly  downward,  instead  of  upward.  ' 
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In  all  cases  the  burner  should  be  placed  as  low  as  possible, 
as  a  low  burner  makes  less  noise  than  one  placed  high,  and  the  dan- 
ger of  explosions  is  reduced. 

Flames  at  the  chimney  indicates  that  the  light  oils  are  being 
vaporized  instead  of  atomized,  and  are  taking  a  short  path  for  the 
stack.  This  may  be  remedied  by  a  change  in  the  position  of  burner, 
or  a  change  in  the  arch,  or  both.  Ho  smoke  at  the  stack  indicates 
an  excess  of  air.  The  presence  of  smoke  indicates  too  little  air, 
and  a  faint  haze  is  considered  exactly  right. 

Mr.  Prescott  of  the  Santa  Fe  says  that  experience  proves  that 
oil  should  first  be  atomized,  and  then  heated  to  the  flash  point 
before  the  air  is  mixed  with  it.    In  other  words,  very  little  air 
should  be  admitted  around  the  burner,  but  under  the  brick  arch. 
Engines  fitted  in  this  manner  give  less  smoke  than  those  admitting 
air  around  the  burner,  and  their  performance  is  somewhat  better. 

Fire  bricks  which  soften  somewhat  under  the  heat  are  to  be 
preferred,  as  they  will  cement  themselves  together  to  some  extent, 
and  the  walls  and  arch  will  not  be  as  likely  to  fall  to  pieces  from 
jarring  and  shocks  as  in  the  case  of  harder  brick.    Too  high  heat 
resisting  qualities,  when  combined  with  a  tendency  to  crack  in  cool- 
ing off,  is  very  bad,  otherwise  a  brick  composed  of  about  three 
parts  old  and  well  burned  brick,  crushed  rather  fine,  to  one  part 
new  clay,  would  be  preferable.    Such  a  brick,  made  with  a  greater 
proportion  of  clay,  might  well  be  worth  a  trial. 

Experience  in  the  Southwest  shows,  that  the  average  life  of 
fire  brick  in  oil  service  is  about  6  to  8  months. 

Tank  Cars:-     Assuming  a  knowledge  of  flat  car  design,  the 
principal  points  in  the  design  of  an  oil  tank  car,  the  capacity 
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having  been  decided  upon,  are  as  follows : 

The  tank  is  supported  by  blocking  cut  to  the  outer  radius  of  the 
tank. 

Blocking  at  the  ends  is  cut  to  fit  the  "bumped"  heads,  and  an- 
chored to  body  bolsters  or  to  sills  by  tie  rods  to  prevent  longi- 
tudinal movement  of  the  tank.     Spreaders  or  spacers  are  fastened  to 
tops  of  sills  to  hold  these  blocks  solid. 

The  tank  is  stiffened  with  angles,-  say  4"  X  3"  or  4"  X  4"-, 
cut  away  at  the  bottom  to  permit  free  flow  of  the  oil.     If  heating 
coils  are  used  they  may  be  of  1  in.  pipe,  the  amount  of  surface  de- 
pending upon  climate,  fluidity  of  the  oil,  and  the  desirability  of 
quick  handling.    The  same  may  be  said  of  the  oil  discharge,  but  in 
ordinary  cases,  an  opening  3"  or  4"  in  diameter  will  be  sufficient. 
This  will  empty  a  car  of  oil  in  thirty  to  forty  five  minutes. 

The  flow  of  oil  may  be  assisted  by  compressed  air  if  pumps  are 
not  used,  but  the  use  of  the  latter  will  save  the  necessity  of 
greater  strength  of  tank  to  resist  air  pressure.    However,  the  thick- 
ness of  metal  required  for  stiffness  etc.,  will  generally  permit  cf 
moderate  air  pressure. 

A  better  plan  is  to  use  a  larger  opening,  say  six  inches  in 
diameter.    Double  riveted  lap  joints  will  generally  pay  in  the  end. 
About  ■Jf"  rivets,  Z\  piteh  are  used,  and  seams  calked. 

Tank  heads  should  be  spherical,  especially  if  air  pressure  is 
used,  to  do  away  with  inside  staging. 

The  dome  cover  may  be  fastened  down  by  any  of  the  methods  men- 
tioned under  "Tenders",  but  a  screw  joint  is  all  right,  as  it  is 
not  handled  as  pften  or  in  as  great  a  hurry  as  are  the  covers'  of 
tenders. 

,A  vent  is  placed  in  the  cover,  and  a  draw  in  the  bottom  of  the 
tank: 
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Means  are,  of  course,  provided  for  holding  the  tank  down  (as  by 
iron  straps  )  and  to  prevent  its  turning  in  place. 

The  Southern  Pacific  uses  tanks  of  6000  gals,  capacity,  having  tried 
a  capacity  of  13000  gals,  and  found  them  too  unweildy. 
The  "best  plan  is  to  design  the  tank  to  be  used  on  the  most  recent 
design  of  flat  car  in  use  by  the  road,  giving  it  about  as  great  a 
capacity  as  the  strength  of  the  car  will  permit.    This  will  facili- 
tate repairs,  and  avoid  the  necessity  of  carrying  a  stock  of  repairs 
for  the  tank  cars,  and  which  can  be  used  on  them  only. 

XX.  BURNERS. 

The  United  States  Patent  Office  has  issued  nearly  1300  patents 
on,  or  connected  with,  hydrocarbon  burners.     Very  few  of  this  number 
are  in  use,  and  only  those  which  are  being  used  extensively  in  loco- 
motive service,  together  with  a  few  more  or  less  instructive  exam- 
ples from  stationary  practice,  will  be  mentioned. 

In  a  general  way,  many  fuel  oil  burners  resemble  nonlifting 
injectors  or  jet  pumps,  but  with  this  important  difference;  the  re- 
lative positions  of  liquid  and  vapor  are  reversed.    When  the  body 
of  a  burner  consists  of  a  central  tube  or  space  of  circular  cross 
section  surrounded  by  an  annular  space,  the  latter  is  for  the  steam 
or  compressed  air  and  the  former  for  the  oil.     This  arrangement, 
with  the  steam  outside,  will  atomize  the  oil,  whereas  trials,  which 
the  writer  has  made  with  several  forms  of  injectors,  show  that  they 
throw  the  oil  in  a  comparatively  solid  stream,  without  breaking  it 
up. 

Two  forms  of  burners  are  in  use  in  railroad  work,  the  form  just 
mentioned,  and  a  form  in  which  oil  is  allowed  to  run  over  or  under 
a  metallic  edge,  and  is  picked  up  by  a  jet  of  steam,  passing 
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immediately  below  or  above.    In  other  burners,  used  to  some  extent 
for  firing  boilers  and  more  generally  for  heating  furnaces,  the  oil 
drops  or  is  led  into  the  current  of  steam  or  air,  and  the  jet  is 
sometimes  broken  up  by  an  obstruction,  such  a6  wires  projecting 
inward  to  its  center. 

With  res^rd  to  the  flat  type  of  burner,  in  which  oil  issues 
from  a  flat  orifice  and  is  picked  up  by  a  flat  jet  of  steam,  it  is 
claimed  that  the  arrangement  with  the  oil  below  the  steam  is  better 
than  the  converse,  for  the  following  reasons 

The  oil  is  more  thoroughly  atomized^  the  fire  box  is  better  filled 
with  flame j  the  liability  of  explosion  is  reduced;  there  is  less 
roaring;  and  the  steam  opening  is  less  liable  to  clog  or  carbonize. 

The  "Best"  burner  is  of  this  type.    It  is  to  be  noted  that  the 
nose  piece  is  so  arranged  that  it  can  be  removed  in  a  very  short 
time,  if  the  steam  passage  becomes  choked.    It  is  held  in  place  by 
a  bridle.    At  the  back  is  an  automatic  drain  for  condensed  steam, 
the  valve  of  which  is  held  open  by  the  spiral  spring  until  the 
steam  pressure  closes  it.    This  prevents  water  being  discharged  into 
the  fire  box  and  injuring  the  brick  arch. 

The  large  number  of  designs  of  burners,  which  have  been  made, 
together  with  the  results  of  tests  made  by  the  A.  T.  &  S.  F.  Ry. 
would  indicate  that  but  little  improvement  in  economical  operation 
over  the  present  forms  of  burners,  is  to  be  looked  for.    These  tests 
indicated  that,  economically,  there  is  only  about  5^  difference 
between  the  best  and  the  poorest  burners  tested.    This  is  based  on 
evaporation,  and  the  steam  used  at  burner  is  allowed  for.    The  per- 
centage of  heat  lost,  considering  the  necessarily  high  temperature 
of  escaping  gases,  is  not  great,  and  does  not  indicate  the  possibil- 
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ity  of  any  great  saving  "by  improvements  in  design. 

Very  much  depends  upon  the  prox>er  location  and  placing  of  the 
"burner,  and  slcillful  handling.    The  poorest  burner,  well  placed  and 
handled, gives  much  better  results  than  the  best  burner,  improperly 
located  and  poorly  operated. 

Therefore,  as  in  the  case  of  the  injector,  greater  improvement 
is  to  be  expected  along  the  lines  of  low  first  cost,  ease  of  oper- 
ation and  adjustment, non-liability  to  getting  out  of  order  and  ease 
Of  rtpttlr,  and  non-liability  of  stoppage  of  nozzle  and  ease  of  clean 
ing  the  same,  without  delay, 

A  burner    which  possesses  a  number  of  good  points  (the  Hancock) 
is  described  in  the  R.R,  Gazette,  1900  page  321,    It  is  claimed 
that  it  will  burn  crude  oil,  refined  oil,  naptha,  or  gas.    It  has 
a  combustion  chamber  which  extends  into  the  furnace.    Its  most  inter- 
esting feature  is  the  method  of  mingling  a  small  amount  of  air  with 
the  steam  and  oil  at  the  jet,  by  means  of  a  hollow  regulating  handle* 
Perhaps  a  better  plan  is  to  have  separate  regulating  valves  for  the 
steam,  oil,  and  air.    When  a  burner  is  arranged  to  admit  air  to  the 
jet,  the  volume  of  the  induced  current  of  air  being    proportional  to 
the  strength  of  the  former,  It  is  wall  to  have  an  air  valve  or  dam- 
per so  arranged  that  the  air  opening  may  be  varied.    The  Great  East- 
ern Ry.  sets  its  burners  eccentric  to  the  hole  in  the  fire  box,  the 
claim  being  made  that  this  arrangement  best  utilizes  the  current  of 
steam  for  the  purpose  of  air  induction.    The  same  road  uses  two 
burners,  tests  having  shown  that  for  their  purposes,  two  are  better 
than  one,  three,  or  four.    When  two  burners  are  used,  they  should  be 
set  at  an  angle  so  as  to  spread  the  flame  over  the  grate  area,  some- 
what after  the  fashion  of  an  ordinary  acettlene  burner. 
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Either  4i3?  or  steam  may  be  used  for  atomizing  the  oil.  In 
locomotive  and  marine  practice  the  question  of    relative  economy  of 
the  two  methods  has  little  or  nothing  to  do  with  the  choice  of  the 
method.    Steam  is  used  in  locomotive  practice  for  the  reason, more 
important  than  all  other  considerations,  that  it  does  away  with  the 
necessity  of  an  air  compressing  plant  or  blower.    Air  is  used  in 
marine  practice,  because  the  fresh  water  used  in  steam  making  is  not 
wasted  out  of  the  stock,  but  is  condensed  and  U6ed  over. 

A  "heater  box"  intended  to  heat  the  oil  to  a  higher  temperature 
than  is  desirable  or  practicable  in  the  tank,  is  placed  close  to 
the  burner,  f<kr  the  purpose  of  increasing  the  fluidity  of  the  oil 
just  before  its  passage  through  the  burner,  and  to  make  it  easier 
to  atomize.    This  heater  may  either  consist  of  a  steam  jacket  made 
of  pipe  fittings  around  the  oil  pipe,  located  close  to  the  burner, 
or  the  burner  may  be  so  constructed  that  the  oil  is  thoroughly 
heated  before  it  reaches  the  nozzle.    The  only  object  is  to  render 
the  oil  thoroughly  fluid.    A.  T.  &  S.  P.  By.  tests  show  that  no 
noticable  economy  results  from  heating  the  oil  to  200°,  either  in 
evaporation  or  in  amount  of  steam  required  by  the  burner • 

Performance  of  Burners:-    Tests  made  by  the  A.  T.  &  S.  P.  By. 

showed  the  following  evaporation,  from  and  at  212°  P.,  steam  being 

used  by  burners  being  deducted.    Under  evaporation,  the  first  column 

represents  the  results  obtained  with  1"  or  2n  vacuum  in  the  front 

end,  the  second  column  with  4"  to  4%n  vacuum,  in  inches  of  water: - 

Evaporation,  Evaporation, 
Burner.         Beaumont  oil.  Corsicana  oil. 

Union  Forge,      12.97  -  12.7 

Billow,  13.1  -  12.56  13.3  -  12.4 
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Evaporation  ,  Evaporation,  - 

Burner,  Beaumont  oil.  Corsicana  oil. 

Booth,  12.1  -  12,3  12.5  -  11.75 

Lundholm,  13.05  -  12.0  13.0  -  11.6 

"Best",  14.0  -  13.15 

With  oil  distillate,  vacuum  1.5"  to  4",  the  Prescott  burner 

gave  14.63  to  12.85  lbs.  evaporated.    With  3.2"  to  4.5"  vacuum,  the 

Lundholm,  with  special  nozzle,  gave  an  evaporation  of  from  12.96  lbs 

to  13.2  lbs. 

Numerous  tests  by  the  Santa  Fe.  By.  show  that  the  average 
amount  of  steam  used  by  the  burner  is  between  three  and  four  per 
cent  of  the  total  evaporation  by  the  boiler,  though  it  often  falls 
below  this. 

XII.  ESTIMATES. 

The  following  costs  of  equipment  are,  either  based  upon  actual 
costs,  or  upon  estimates  in  which  the  smallest  details  have  been 
included :- 

Tender  tank,  interior  oil  tank,  capacity  6000  £als. 

water,  2000  gals,  oil,  $625.00 

One  25000  gals,  capacity, underground  oil  tank,  $1525.00 

Storage  tank, 75  ft.  diameter,  30  ft.  high,  capacity 

940,000  gals.,  including  wooden  roof,  $7850.00 

Piping,  valves,  and  fittings  for  complete  storage 

plant,  shown  in  general  view  of  the  same,  $1100.00 

Oil  column,  $210.00 

Pit  for  two  submerged  tanks,  and  shed,  $1900.00 

Two  sump  holes,  $100.00 

Embankment  for  940,000  gals,  storage  tank, 

probable  cost,  $2100.00 

Consolidation  locomotive,  changing  from  coal  to  oil 
burner,  including  labor,  material,  burner,  piping,  etc. 

$325.00 
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Same,  for  small  8  wheel  engine  for  light  freight  or 

passenger  service,  #275.00 

Tank  car,  on  a  60,000  lbs,  capacity  flat  car, 

Plat  car,  $520.00 

Tank,  525.00 

Total,  H0~45~.?)0 
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